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PREFACE 


This volume is the first of a three-volume series covering 
Irrigation Practice and Engineering, Volume I deals mainly 
with irrigation practice; Volumes II and III cover the engineering 
features of irrigation systems. In the preparation of these 
volumes the authors have endeavored to meet the needs of 
teachers and students in courses in these subjects and also to 
present the material in a form that will be useful to those engaged 
in the construction or management of irrigation systems. The 
authors have been guided in their selection and presentation of 
the material both by their experience as teachers of these subjects 
for many years at the University of California, and by their pro- 
fessional practice extending into nearly all of the states in 
western United States. 

The importance of the agricultural phases of irrigation in the 
design and management of irrigation systems is now so well 
recognized that no comment on the appropriateness of including 
irrigation practice with irrigation engineering in a single series of 
books is required. Consideration of the service requirements of 
irrigation systems is as essential to their proper design as is 
determination of loads in building or bridge design or traffic 
surveys in highway engineering. 

This volume is limited almost wholly to irrigation pract.ice 
in the United States. While there is much of inten^st t^o be 
learned from the practice of other couixtries, essential differences, 
where they occur, are due to differences in climatic or economic 
conditions, which make the results of experience elsewhere of 
limited application here. 

The first edition of this series was prepared by Mr, Ittrdieverry 
in 1914 and 1915. Volume I has been entirely rewrill^en for 
this second edition. Although the revisions of Volumes 11 and 
III are planned, they have not yet been completed. I'he. 
larger part of the work of revision of Voluixie I has been 
assumed by Mr. Harding. The general arrangement followed 
is similar to that used in the first edition. During the p(uio<l 
since the publication of the first edition, the principles of irriga- 
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tion practices havo rhaa^rd niatfriMllv hut lupnvinliri* 
regarding Htieh prinaiplas has hatai hruatii'iirtl iviitiMaiif’ ii*Mi!iiiig 
changes in tlarir a|)plirat ium iVpsfaii kiiu% ledgp rr*?.!ardiiig 
soil-moistnre pn^perties rests tm a tnueli hr*»at|pr imsia i*f rx|«‘ri- 
mental work than was availahlf* at th«* time tfn* fir>i was 

prepared. Keonnmie e<mditinns havi* rrMiheil m idiaiitfes lit the 
character of farm stmet tires and in tin* use water, i^^i'tiaaeiiee 
has caused changes in the tyja^s of ei|ni{aneiit used in pirinpiiig. 
The changes from the first edit am are mainly in lire e^afiiiili'^s 
used to illustrate the prineipk^s of fmnet iei* with some rhriiigi's in 
the applications rathm' than in the seofu^ «*f fin* treafnieni of ilw 
subject. The nnision represents a complete reivniing of tin* 
first edition, Imwever, 

An adiapiate treatment tif any siilijeet !*'» ju’ariire is 

noccHsarily largely a eompilntion of flit* results af iiiaiiy work«*rs 
in the fkdd. Ilte rpmlity of a hook on jiraiiire tlef'^Uid*-* imiiiily 
on the thoroughness witli whi<*h the nulliors liavi** mvered tiic 
field and the judgment and tiiscretiim iise«l m n>w>ifi!4iiui anti 
arranging the material so as to bring oiii the essefiirds witlioiit 
an excess of local rietaiL 'Hie present voltiiiif* dtre^ ii*f! 
to present an inventory of irrigation prneliee in i hr' I timrpI 
Its purpose is to pn*sent tin* essentiai featurt*?* of gi.*eid irriitriiirrii 
practice witii suflic^ient material regariling the siilijeels 
to support the imnciples set (nrih. lUmtltH of indn'idiiri! e\|it*r> 
ments or local practice ha.ve Imm uml lo illiistrati'* ilie jUMiieiples 
of practice without attempting to diwrila,^ the rornlitioiiH aiid 
practices of ail locaiiricH. 

The treatment id irrigation practice in this voliime is hiiiiiial 
to the handling and use of water on lh«^ fnnii. Tlie ridntiofisliipw 
of the landowrmr to the diffcnuii forms of orgaiiiEatiniis tlinl may 
construct and o|'H*riit.e tlie canal sysf eniH from m“}iie!i !m^' 
water and the basis of wafer supply and title t o tin use lire 
jects of importance to t'he landowners but nrr* oiilsiih* the ?ieti|i«'* 
of this volume*. Pumping from groumi wnlfr is inr|ii«li’4 !>fi 
this is a sourco of watvr MUi»pl.v proviilo.i hy oarh Inmiowtii'r 
indopndent of group nc(it>n. Afoa.sim>m<«n! of walor low imt 
been included, although this is a sultjeci projwrly within tin* 
interests of the landowner. Practically all of the' agrictilliiral 
experiment stations of the westertt states Imve ptiltlished htdii- 
tins descriptive of the me)i«ureriH*nt of irrigafiitn water, Ht* that it 
seemed unnecessary to acid such a chapter here. Meiwurement 
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of water from the point of view of both the canal organization 
and the landowner is discussed in Volume III. 

While this volume is presented for use as a textbook in courses 
in the field of irrigation practice, questions and problems for class 
use have not been included. In the authors’ own teaching 
experience, it has been found that such material readily suggests 
itself in the handling of this subject. We have found the use of 
contour maps of selected types of topography particularly useful 
in problems on land preparation and have prepared and used such 
maps 8}/^ by 1 1 inches in size for such purposes. Numerical prob- 
lems on soil moisture, conversions from units of volume to rates 
of flow, selection of sizes of farm conveyance channels and of 
structures, and examples in pumping plants can be readily 
prepared to fit the conditions applicable to the conditions in the 
different states. 

Publications on irrigation practice, particularly by state and 
Federal experiment stations, have been numerous in recent years. 
Present experiments are more carefully planned and consistently 
carried out than in the earlier years of such work. This is a 
natural development. In the earlier periods of scarcity of 
information nearly all results were useful; now the demand is for 
much more complete consideration of all the elements involved. 

In the preparation of this volume the authors have utilized 
the published materials, the unpublished results of their own and 
others’ work, as well as many helpful personal suggestions of 
those active in this field. Where specific results have been taken 
from a definite source, acknowledgment has been made in the 
text. Lists of the references quoted are given at the end of each 
chapter. Such acknowledgments cannot, however, cover all the 
assistance obtained by the authors as many of the conclusions 
and recommended practices are the composite result of many 
sources and contacts. For such assistance the authors acknowl- 
edge their obligation and their gratitude. 

B. A. Etchbverry. 

S. T. Harding. 

BERKEiiET, Calif. 

February ^ 1933. 
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USE OF IRRIGATION WATER 

AND 

IRRIGATION PRACTICE 

CHAPTER I 

DEFINITIONS AND CONDITIONS AFFECTING 
IRRIGATION 

Irrigation is the artificial application of water to lands when- 
ever the rainfall is insufficient to meet the full water requirements 
of crops. This definition, which is similar to that used by a 
number of writers, includes the elements that distinguish irriga- 
tion from the other methods of supplying the moisture needs of 
crops. Irrigation is supplemental to other sources of moisture 
supply. It is artificial as distinguished from the natural such as 
rainfall. 

Actual irrigation practice varies from supplying all of the mois- 
ture requirements of crops in areas of practically no rainfall, 
such as in the Imperial Valley in California, to supplying what 
may be used only at occasional periods of drought in areas where 
the usual precipitation is sufficient for crop needs. The chief 
purpose in all cases is to supply the water required to produce the 
most economical crop yield. Less than an adequate moisture 
supply results in reduced yields, excessive supplies may also result 
in reduction in yield and in need for drainage with injury from 
alkali. Moisture made available to crops from natural precipita- 
tion is as useful as an equal amount made available by irrigation. 
Irrigation should be planned to supplement the moisture received 
from rainfall. 

HISTORY AND EXTENT OF IRRIGATION 

Irrigation has been practiced wherever climatic conditions 
made it an essential part of agriculture. Traces of former sys- 
tems are found in many countries and areas are now irrigated 
which have been irrigated by civilizations prior to those now 
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occupying the lands. There are traces of such early irrigation 
systems in Arizona and New Mexico in the United States. 
Eemains of similar old systems are found in parts of Asia, Africa, 
and South America. 

The earliest irrigation in the United States resulting from the 
present settlement of the West was that practiced in connection 
with the missions in California. Such practice was, however, 
only incidental to the main purpose of the missions. Other 
irrigation, also largely incidental, followed in connection with 
mining or trading settlements. The first western agricultural 
settlement, located where irrigation was essential, was that of 
the Mormons in Salt Lake Valley in 1847. 

Irrigation has continued to increase, although the rate of 
increase has varied widely with economics conditions. Earlier 
developments were in small units using the resources of individ- 
uals or small groups. Developments requiring outside financing 
were important in the eighties and early nineties, became less 
active during the nineties, and resumed activity from 1902 to 
about 1910 following the adoption of a policy of construction of 
irrigation works by the Federal Government. A period of 
reduced rate of development following 1910 was changed to one 
of increased activity during and following the World War. 

Irrigation has shown the same reduction in new development 
during the depression in agriculture following this period that has 
been shown in other lines of agricultural activity. These condi- 
tions are reflected in the following figures showing the results of 
the U. S. Census of Irrigation. 



Total area irrigated 

Average increase 

Year 

in the United States, 

per year, 


acres 

acres 

1889 

3,631,381 

416,080 

1899 

7,782,188 

568,300 

1902 

9,487,077 

706,600 

1909 

14,433,285 

475,840 

1919 

19,191,716 

35,580 

1929 

19,547,544 
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The areas irrigated in the world as given in a bulletin on 
Foreign Markets for Irrigation Machinery and Equipment 
published by the U. S. Department of Commerce in 1929 total 
about 200,000,000 acres as shown in the following table: 


Total Area Irrigated, 

Continent Acres 

North America 26,834,000 

South America 6 , 613 , 000 

Europe 14, 800 , 000 

Asia 140,754,000 

Africa 10,310,000 

Oceania 1 , 270 , 000 


Total 


200,581,000 


Of the areas irrigated in North America, about 75 per cent are 
in the United States and 20 per cent in Mexico. The principal 
areas in South America are in Argentina, Chile, and Peru. In 
Europe the largest area (6,000,000 acres) is in France, with 
3,900,000 acres in Italy, and 3,500,000 acres in Spain. In Asia 
about 56,000,000 acres were reported in India, 50,000,000 in 
China, 8,000,000 acres each in Java and in Asiatic Russia, and 
7,000,000 acres in Japan with smaller amounts in several other 
countries. In Africa about one-half of the total area is in Egypt, 
other important areas being in Madagascar, Morocco, and Union 
of South Africa. 

In the United States, of the different states, California has the 
largest area irrigated, with Colorado second. The other western 
states follow with such individual areas as their total area, water 
supply, and economic conditions have permitted them to develop. 
Relatively small areas are irrigated in the semi-arid states. The 
areas irrigated in 1919 and 1929 in the 19 states included in the 
U. S. Census of Irrigation are as shown on page 4. 

For some of the states listed in the following table, irrigation 
represents only a minor part of the total agricultural develop- 
ment. In Nebraska and Texas irrigation while fairly extensive 
in some portions of each state is not a large part of its general 
agriculture. For the 11 principal irrigated states of Arizona, 
California, Colorado, Idaho, Montana, Nevada, New Mexico, 
Oregon, Utah, Washington, and Wyoming, the total area irri- 
gated in 1929 of 17,463,960 ‘acres represents only 2.3 per cent of 
the gross land area. 
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State 

Area irrigated, acres 

Change, 
per cent 

1919 

1929 

Arizona 

467,565 

575,590 

+23.1 

Arkansas 

143,946 

151,787 

+ 5.4 

California 

4,219,040 

4,746,632 

4-12.5 

Colorado — 

3,348,385 

3,393,619 

+ 1.4 

Idaho 

2,488,806 

2,181,250 

-12.4 

Kansas 

47,312 

71,290 

4-50.7 

Louisiana 

464,882 

450,901 

- 0.9 

Montana ... 

1,681,729 

1,594,912 

- 5.2 

Nebraska 

442,690 

532,617 

4-20.3 

Nevada 

561,447 

486,648 

-13.3 

New Mexico 

538,377 

527,033 

- 2.1 

North Dakota 

12,072 

9,392 

-22.2 

Oklahoma. 

• 2,969 

1,573 

-47.0 

Oregon. 

986,162 

898,713 

- 8.9 

South Dakota 

100,682 

67,107 

-33.3 

Texas 

586,120 

798,917 

4-36.3 

Utah 

1,371,651 

1,324,125 

- 3.5 

Washington 

529,899 

499,283 

- 5.8 

Wyoming 

1,207,982 

1,236,155 

4- 2.3 

Total for 19 states 

.19,191,716 

19,547,544 

+ 1.9 


Limitations of water supply and costs of construction will 
determine the total area that may ultimately be irrigated. While 
the extent of future development cannot be forecast with definite- 
ness, it is generally considered that available water supplies will 
limit irrigation to from 3 to 8 per cent of the gross area of these 
states. 

Even in the more arid states, irrigation is not the only form 
of farming practiced. In the 19 states for which the census 
reports irrigation, only 7.8 per cent of the total number of farms 
we;:e irrigated. The proportion of the farms irrigated varies 
from a negligible percentage in the semi-humid states to as high 
as 88 per cent in Nevada and Utah. In Idaho, Colorado, Cali- 
fornia, and Arizona about 60 per cent of the total number of farms 
are irrigated. The proportion of the value of crops from irrigated 
lands to the total value of crops grown in these states is much 
higher than the proportion of the area irrigated to the total 
cropped area. 
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CLIMATE AS AFFECTING IRRIGATION 

Climate as expressed in terms of precipitation is usually 
divided into three general classes. These are (1) arid, (2) semi- 
arid, and (3) humid. The divisions between these classes are 
usually made on the basis of the mean annual precipitation, 
although other factors such as seasonal distribution of rainfall, 
temperature, humidity, and wind movement affect the usefulness 
to crops of any given amount of mean annual precipitation. 
Different writers have selected different amounts of rainfall for 
the divisions between these classes. The following basis repre- 
sents typical values : 


Class 

Mean annual 
precipitation, 
inches 

Remarks 

1. Arid 

Less than 15 
15 to 30 

Over 30 

Irrigation necessary 
Irrigation optional 
Irrigation some- 

times beneficial 

2. Semi-arid 

3. Humid 



The line of 15 in. mean annual rainfall in the United States 
occurs generally along the eas^tern boundary of Montana, Wyom- 
ing, Colorado, and New Mexico. There are many areas west of 
this line which receive over 15 in. of rainfall but these are largely 
confined to the higher altitudes where farming lands are less 
extensive or are in those parts of the northern Pacific Coast 
where the occurrence of the rainfall during the winter season 
limits its usefulness to crops. 

The line of 30 in. of mean annual rainfall passes through 
western Wisconsin, crosses Iowa, and runs south through eastern 
Kansas, Oklahoma, and Texas. East of this line the annual 
rainfall in the agricultural areas varies from 30 to 50 in. 

Dry farming is practiced in many areas having less than 20 in. 
mean annual rainfall. However, such practice is usually replaced 
by irrigation wherever water supplies can be made available at 
reasonable costs. Owing to limitations in the available water 
supplies in the western states, most of the land will continue to be 
used for dry farming, grazing, or timber. Under favorable con- 
ditions dry farming may be practiced for cereal crops with mean 
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annual rainfalls of 12 in, but crop returns are widely variable and 
uncertain. 

Causes of Rainfall, — When a mass of air is cooled sufficiently 
below the dew point at temperatures above 32° F., rain results. 
Minor cooling may form only fog or clouds. Cooling by expan- 
sion as air rises is the most effective cause of rainfall. Rising of 
air is caused by (1) being forced up the side of mountains into a 
region of lower temperature, such as where the prevailing winds 
are at right angles to a mountain range, (2) convectional currents 
or the overturning of the lower air due to its heating, (3) cyclonic 
storms where air flows into a region of low pressure, which 
causes the air in the center to rise. Convectional currents are 
the principal cause of summer thunderstorms. Cyclonic storms 
are more important in the eastern part of the United States than 
in the west. 

The conditions that result in abundant rainfall are (1) nearness 
to the ocean, (2) location in the track of usual cyclonic storms, 
and (3) mountain ranges. These causes may operate singly or in 
combination. Condition (1) does not always apply, as in 
Southern California; condition (2) is less effective in the interior 
of continents where the vapor supply may be small. Montana is 
in the storm paths, but the rainfall is generally small as there is 
little remaining moisture to be precipitated. In the north Pacific 
Coast all three conditions occur. 

Seasonal Distribution of Rainfall. — The distribution of rainfall 
throughout the year materially affects its usefulness in crop 
production. Where irrigation is not practiced, it is necessary 
that rains should occur in sufficient amount and frequency to 
maintain an adequate supply of available soil moisture for use by 
the crops. A single period of drought during the growing season 
may result in an entire loss of production of the crop. As the 
capacity of soils to absorb and retain moisture within the depths 
from which it may be utilized by the crop roots is less than the 
amount of moisture required for full crop production, sufficient 
moisture cannot be stored in the soil from rains occurring prior to 
seeding to produce adequate crop yields unless additional mois- 
ture is received during the period of crop growth. Winter rain- 
fall is useful for summer growth only to the extent to which it 
can be retained in the soil within reach of the crop roots; winter 
precipitation in excess of such soil moisture storage capacity is 
not useful to the crops. 
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In the western part of the United States there are four general 
types of seasonal distribution of precipitation. These are gen- 
erally called the Pacific, Intermountain, Great Plains, and South- 
western. Examples of these types are shown in Fig. 1 based on 
U. S. Weather Bureau records of precipitation. 

The Pacific type of rainfall applies to the areas along the 
Pacific Coast and extends eastward to the Cascades and Sierra 



Fia. 1. — Monthly precipitation in inches at typical western stations illustrating 
amount and distribution of rainfall. {From records of U. S. Weather Bureau,) 

Nevadas. In this type, the precipitation occurs mainly during 
the winter months, that during the summer being almost negli- 
gible in amount. It is illustrated by the records for Sacramento, 
Calif., and Corvallis, Ore., in Fig. 1. In general, the amount of 
the mean annual rainfall in this area increases from the south 
toward the north; for the agricultural areas, the annual mean 
varies from 15 in. in Southern California coastal areas, less than 
10 in. in the southern portion of the San Joaquin Valley, 25 in. 
in the northern portion of the Sacramento Valley to over 50 
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in. in some of the coastal vaik^ys of r)r<\L!:on ami W'asliin^loih 
While the Pacific type of .s(*asonal (list riinP ion rainlall is 
unfavorable to direct use by most: crops, tlu‘ winter pn*cipil alion 
which occurs kr^’cly in the form of snow on tlm IhatHO* draina^f^ 
areas does not melt until the spring’ ami (auiy sunuiier tiimilhs 
when the resulting run-off is directly us(dul for irrigation. In 
many parts of the area, the winten* tmn|)(‘ra lures are snUiiiinitly 
high to permit the production of ecuaads by dirmi use of i he rain- 
fall. The winter precipitation also furruslms suflieieid moisture 
for the early season growth of oIIhu* crops and permitH dtdaying 
the beginning of their irriga-tion. 

The Intennountain type of pnau'pitat ion ap|)li(‘s \u the areas 
between the Coa.st llangt^s and tlu^ liocky Moiuitains from Ari- 
zona north. It is illustrated by the records for Poise, Idaho, 
and Logan, Utah, in Fig. 1. The total aiunml amount is gen- 
erally less than in the Pacific area but tlu* distiibut 1(01 I hroughotii 
the year is more uniform. The amount of rainfall during tlie 
spring months enables the beginning of irrigal ion to la* delay«ai in 
those areas receiving 15 in. or over ttdul annual rainfall Dry 
farming of cereals is successfully practice, ai in s<»me (*f i!u‘ mori* 
favorable parts of this area-. Thc‘ total nH*an annual |»re«djiita- 
tion in the agricultural arcuis varies from k‘ss than a im in some 
parts of the southern portion to If) to 2t) in. in ila* muaiierm 
Larger precipitation occurs on the higlu'r mount nimnis areas. 

The Great Plains type of rainfall applies to tin* arid and stani- 
arid areas lying east of the Rocky Mount jiiiis and west of I hr* 
more humid Mississippi Valley lands. In (his area the largeHl- 
monthly rainfalls occur in t.he early summer months when fla^ 
moisture received is directly useful to (*,ro|)H. The amouiif^ 
such early season rainfall is frcapumtly Hullicicmt to me(d fliii 
crop requirementa during tlndr early stagers gr(Hvlli and 
irrigation may not be applied until the wurim^r {Kiiiions nt tln^ 
summer season. A larger pro|K>rtion of ilie mean annual |)rec‘ipi- 
tation is directly useful to crops in t-he Great Plains ly!M,» i liaii for 
the other western areas. The mean annual |)r<‘cipitafiori in most, 
of this area varies from 10 to 20 in. It is hm varinlde from soul h 
to north than in the Pacific and Intermountnin areas. Hus ly|M* 
of precipitation is illustrated by Billings^ Mont., amt Fori i 'olliiis, 
Colo., in Fig. 1. 

The Southwestern type of precipitation applies to Arizona and 
New Mexico and some adjacent areas. It is characlerizeii liy 
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larger rainfall in the late summer months. It represents an 
Intermountain type of rainfall with an addition of later summer 
storms. It is illustrated in Fig. 1 by the records for Phoenix, 
Ariz., and El Paso, Tex. The mean annual precipitation in the 
agricultural areas varies from almost nothing to 15 to 20 in., 
being generally larger in the areas of higher elevation. The 
individual summer storms are suificiently heavy at times to aid in 
meeting the crop requirement both directly on the cropped lands 
and by providing run-off in the streams for diversion for 
irrigation. 

For all of the four areas receiving these types of rainfall, the 
principal sources of water supply for irrigation are the run-off 
of the streams draining the higher mountainous areas. In all 
areas precipitation is larger at the higher elevations. On the 
higher areas, the snowfall represents a form of natural storage 
holding back the run-off until the period of crop use. In almost 
all of the valley areas the precipitation is inadequate to produce 
much run-off and the availability of a dependable water supply 
for irrigation is dependent mainly on the extent of higher drainage 
areas tributary to the valley agricultural lands. 

Annual Variations in Rainfall. — The preceding discussion has 
related to the mean annual precipitation and its seasonal distribu- 
tion. While the mean annual rainfall is a convenient basis on 
which to compare different areas, the usefulness of the rainfall in 
any given area depends on the uniformity of the precipitation as 
well as on its amount. The rainfall in any year may vary widely 
from the mean. In general, the variations are proportionately 
larger in areas of small rainfall. Areas having a sufficiently large 
mean annual rainfall for crop production without irrigation may 
find irrigation is required in years of less than normal rainfall. 
If such deficient years occur frequently, irrigation is usually 
provided for those lands for which a water supply can be made 
available at reasonable cost. 

In the western areas the precipitation in minimum years may 
be less than one-half the long-time mean. Two consecutive 
years may average less than 60 per cent of the mean and three 
consecutive years may average less than 70 per cent of the mean. 
Ten-year periods may vary as much as 20 per cent from the long- 
time mean, and twenty-five year periods may vary 10 per cent 
from the mean. These variations increase the difficulty of pro- 
viding an adequate water supply. In years of deficient rainfall 
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and increased crop demand for wai(‘r, ^stre^lnl flow is also Inflow 
normal. 

Storage is required for full utilization of run-olT Iiolh fo 
enable the annual run-off to be made availal)Ie wlnm ru'odfHi 
for irrigation and to carry ovcu' excess run-off of a!>ovi‘ norrtial 
years to those of deficient supply. 



CHAPTER 11 


PHYSICAL PROPERTIES OF SOILS 

The availability to plants of the moist tin* supply of soils is 
dependent on the physical proix»r(ic.s of the soils in w!u<’h 
plants grow. This statenuuit applies to all agrieullural practice 
whether based on irrigation or on rainfall alone, 'flu' soil act s ns 
a storage reservoir for the moisture used by the pl.ants. As 
neither rainfall nor irrigation occurs in accfirtlance with the 
daily crop demands, to be useful the moisture receive<i at times of 
rainfall or irrigation must be stored in the* .soil within resnedi of the* 
plant roots. The moisture holding cupeicities eif the ditTe'rent senl 
types control the amount of water that can be* re-teuiieel freuu a 
single appliceition and this, with the* rafee .at which nmisture* is 
used by the crop, controls the fretiuency of irrigation retiuireai. 

Classification of Soils. 'The more* usmil (•Ifissitienilieui.s of soils 

are based on the sIm.s of the soil partieh's. As soils cem.si.st etf 
varying proportions of the difTeremf size's eif soil gniitis, seudi :i 
system of classification re'epiireeH fixing the* difT<*remt size's of seul 
particles.to be scgregiite'el eiml the- propetrl ion.s eif thi'si' size'.s fern 
the different text ure's tee he' re'ceignize'e!. 'I’he sysie-ni e.f e-lassifie'te- 
tion used in the United States is that eif the' U, H. Bureau e>f 
Soils which recognizes seven sepeireite size's of seal partie-ie-s as 
follows:^* 


Fiiu^ gravel or wry <’onrHO naiui 

CoarHO. 8jin(l 

Medium wand , . , 

Fine Hand . 

Very fim* wand , . , 


Silt 


(zlay 


2d iij I A\ 
t ,11 to Cl r> 
d.5 tn 11 25 
0 25 in 0 I 
tl,I to 005 
0 Jlfsr Ut 0 005 
titan 0 005 


Material coaiwr t han 2 mm. is e'xclude'el from the- sample* lH*f»re* 
the proportions e.f the smaller size',s are- de-te-rmine'd. ."^amis ..,nel 
gravel as these terms are* nse'el in eemne'e-tiem witli engineewittg 


* Numbers refer to r<*fere'i><a-K at e>ml of e-hiepteT 

11 
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work, such as in designation of inal (‘rials used in (‘(incrcte, arc* of 
larger sizes of particles than the largi'sl sizes n'cognized in soil 
classifications. The proportion of eaeli size is delerinined by 
mechanical analysis. The ncsulis ur<‘ (‘xprc'ssed in t he |)(‘r(‘(“nt agcj 
of the total weight for each siz<i. 

As the proportion of the sevc'ii size's of soil partieh's vnric's 
for every soil sample, it is ne(((>ssury lo use genera! deseriplive 
terms to represent soils having various proportions of (he dilTc'r- 
ent sizes. For such classifications the particles larger (h.an silt, 
and clay may be combined. The general terms used liy the I'. S. 
Bureau of Soils and their definitions in terms of sizes of soil 
grains for the 10 principal soil classes an* .as follows; 

Mechanical CoMi-oHerioN oe the I’lti.veiCAi. Son. Ci.amhes' 

l.iiiiits ill (lie projioiaiitn of tho 
soil Ke[i!iniles iii pereeiitiiKe of 
the totiil soil Weight 

Siitid I Hilt I (.tiny 


Sand Iso to 1(H) 0 to ‘20 (Mo 20 

Sandy loam 1 fiO Ut SO : (Mo 50 I (Mo *20 

Silt loam ! (Mo .'iO f>(Mi, 100 ; (Mo 20 

Loam i KOto 50 ' ;i0 to 50 I (Mo 20 

Silty clay loam (Mo lU) rM U) SO . 2(Mo 30 

Sandy clay loam 6(Mo 80 (Mo 30 I 2(Mo 30 

Clay loam 20 to 50 2(M(i 50 j 2(Mo 30 

Silty clay (Mo 20 r>0to 70 i 30 to 50 

Sandy clay 50 70 p 20 : 30 (o 50 

j 0 to 50 Oto 50 ' 30 to 1(K) 


Other more general terms u,sed (,o desttrilie snils are those 
based on general texture, such ns ttoarse or fine. Sandy soils are 
frecjuently spoken of as “light’’ owing to t he ease of cultivation, 
loams as “medium,” and clay soils as “heavy” owing to (he 
difficulty in handling clays when wet, although clay soils have a 
less weight per cubic foot, than sandy soils. (It lu'r siKafittl f(‘rins 
include blow sands for soils having insufficient binding material 
to prevent movement under wind action and adobe or gumbo 
for clay soils that shrink and crack wlien dry and swell when wet. 

The more finely divided clay particles .are calk'd “colloids.’’ 
The proportion of colloids materially affetds (lie soil-moisture 
properties of soils. Colloids absorb moisfaire and soils containing 


Soil claHses 
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a relatively large proportion of its clay in colloidal form have a 
greater soil-moisture capacity and a slower rate of soil-moisture 
movement than ordinary clays. 

The preceding classifications are based entirely on the mineral 
materials of soils. Soils also contain decomposed organic 
material known as ‘^humus.’’ Humus is one of the essential 
elements of soil fertility and its amount affects to some extent 
the moisture holding capacity of the soil. Humus in ordinary 
soils does not exceed a few per cent of the soil weight. Muck 
and peat are soils in which the organic material varies from 20 to 
9.0 per cent of the soil weight. Such soils are formed from the 
decomposition of plants in bogs and marshes; muck represents 
soils in which the decomposition of the organic material is more 
complete than in peat. 

Pore Space. — All soils contain pore spaces between the soil 
grains. If all soil particles were spheres of uniform diameter, 
the pore space would be independent of the size of the spheres 
and would vary from 26 per cent of the volume when packed as 
closely as possible to 48 per cent when arranged with their 
centers in squares. As the soil grains are neither spherical nor 
of uniform size, the pore space varies more widely. Small soil 
particles when mixed with those of larger size may reduce the 
pore space when they occupy the voids between the larger grains; 
the small particles may increase the pore space if they hold the 
larger grains apart. 

The proportion of the pore space to the total soil volume varies 
with the texture of the soil, being larger in soils having a large 
percentage of silt and clay. Sandy soils have larger individual 
spaces between the soil grains but the total number of pore 
spaces and the total percentage by volume of the pore spaces 
are smaller than for fine-textured soils. Under field conditions 
the pore space of most cultivated soils varies from 35 to 50 per 
cent of the soil volume. For sandy soils the pore space may be 
as low as 20 per cent; for some clay soils the pore space may 
exceed 50 per cent of the soil volume. 

Soil Weights. — The weights of soils vary with the pore space. 
The specific gravity of the mineral matter of the soil is usually 
from 2.50 to 2.70. With the usual percentage of pore space the 
apparent specific gravity varies from 1.25 to 1.75. Usual oven- 
dry weights per cubic foot are for clay soils 75 to 80 lb., loams 85 
to 90 lb., sandy loams 90 to 95 lb., and sands 95 to 105 lb. 
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Variations in Soil Texture. — Much variation occurs in soils 
both vertically and horizontally. Alluvial soils may vary widely 
in texture within the same field area. Vertical variations are 
frequent in arid soils. Such variations may be desirable or 
harmful depending on their effect on the moisture holding 
capacity of the soil. 

Many arid soils contain subsoils of a more or less impervious 
character which obstruct the penetration of water and plant 
roots. Such subsoils are frequently called “hardpan.^’ The 
term hardpan is applied to any indurated or impervious subsoil 
layer and includes material varying from cemented rock strata 
to compact clays. Hardpan usually occurs in layers underlaid 
by soil. Some hardpans are continuous and are impervious to 
water and roots; others are merely more slowly pervious than the 
overlying soil. Heavier subsoils may be of benefit in coarse 
soils if at a depth below the surface large enough to permit 
proper root development, as they retard downward moisture 
movement and increase the moisture holding capacity of the 
surface soil; care is required however to avoid the collection of 
excess moisture in the soil on top of the hardpan. 

Some subsoils consist of coarse sand or gravel having only 
limited moisture holding capacity. Such subsoils, if at sufficient 
depths, are an advantage in providing drainage for heavy surface 
soils. For sandy surface soils in which the moisture capacity is 
inadequate because of insufficient depth of soil, such subsoils make 
necessary more frequent irrigations. 

In some of the irrigated areas of steeper slopes, the soil may be 
formed by the disintegration of the rock material in place. 
These are called residual soils”; their depth varies with the 
age and character of the rock and with the climatic conditions. 
Residual soils are frequently shallow. 

SOIL-MOISTXTRE TERMS 

The amount of soil moisture may be expressed in terms of 
weight or of volume. Both forms of expression are needed and 
used. Moisture in terms of weight is expressed as the percentage 
of the weight of moisture to the oven dry weight of soil. Moisture 
in terms of volume may be expressed either in percentage of the 
total volume of soil or in the equivalent depth in inches of water 
per foot depth of soil. The latter term is useful in comparing 
the amounts of soil moisture with the depths of rainfall or 
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nation, as such depths are usually expressed in inches or feet 
>th of water over the area. 

>oil samples for moisture determinations are usually taken 
h an auger or tube. Where distribution of moisture is to be 
ermined, the sample for each foot of soil depth is kept separate, 
or a representative part of the sample is dried in an oven at 
iperatures at or above 100° C. until no further loss of weight 
iirs. The difference in weight of the sample before and after 
ing represents the water evaporated from the sample. This 
erence divided by the weight of the sample after drying gives 
percentage of moisture by weight of the dry soil, 
ioil moisture in terms of percentage by weight may be con- 
ted to percentage by volume if the dry weight per cubic foot 
he soil is known. To compute the moisture in terms of depth 
vater, the weight of water may be taken as 62.5 lb. per cubic 
t. Though the actual weight of water varies slightly with its 
iperature and purity, the above value is sufficiently accurate 
scil-rnoisture determinations. 

Conversions may be made by the use of the following formula : 


= 

w = 

62.5 = 
X 62.5 = 

rnXW = 


percentage of moisture by volume, 
percentage of moisture by weight of dry soil, 
dry weight of soil, pounds per cubic foot, 
weight of 1 cu. ft. of water, pounds, 
pounds of moisture per cubic foot of soil, 
pounds of moisture per cubic foot of soil. 


irefore 


WmXW 
62.5 ' 


can be converted to depth of water in inches per foot depth 
oil by multiplying by 0.12. 

Vm X 62.5 
Wr. = 


FORMS OF SOIL MOISTURE 

he form in which moisture is distributed and held in soils 
es with the amount of moisture present. The smaller 
)unts of moisture are held as a capillary film surrounding the 
grains. The smaller the amount of moisture, the more 
tly is the moisture film held by the soil particles. As the 
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amount of moisture incrensoH, surfjieo teiisioii of I ho moist tire 
film decreases and moisture inovt^s mort^ frc^ely in thv seal and is 
more easily obtained by plant roots. La, re:er amounts ut moist ure 
fill the pore spaces in the soil and ha,ve little Hurfaca* ttmsion as 
moisture films. Such moisture move's ndativc'ly freely in the 
soil under the influence of gravity, S(*veral diffenmt classes or 
amounts of soil moisture a.re n'cognizcd as an aid in classifying 
the soil moisture in relation to its availability for plant use. 
The more usual terms and t Indr <l(dinit hms art* as follows. 

Soil Saturation.- Wh(‘n all tin' pore spaca* of a soil is filled with 
water, the soil is spoken of a-s ‘Lsa turat(*d.'‘ Soil Indtov I h(* ch*pth 
of the ground waler is sa, turn, led. A (amdilion td temp(^rnry 
saturation may occur at. and inum'<liat<dy following an irrigation. 
The amount of moisture contained in a saturated mu! in terms of 
volume is equal to the percentage by volumes representmi by the 
pore space and in terms of wc'ight to tlie penamtagc' iiy weight 
resulting from the weiglit of water in the p<jn‘ s|)ace and llie 
dry weight per cul)ic foot of tiie soil. 

Soils free to drain will not retain sufficient watc*r t(» caum' 
saturation. Wider in excess of tluit h<d<f in pillary form I>y 
the soil grains will move downward under tla' actiem gravity. 
Permanent saturation occurs in soils only when* draimige is 
prevented by impervious soil strata,, or by lack of outlet for water 
applied in excess of the aliility of tlu' soil to retain moisture in 
the form of films surrounding tlie soil grains. 

Capillary Capacity. —The moisturi' soils can ndnin against tlie 
action of gravity when free to drain is called tht' **ea|>illary 
capacity'' of the soil For field conditions tlie tc'rmH "Afield 
capillary capacity," field capacity," "specific retention" 
are frequently used. The capillary capacit.y reiiresents the 
amount of moisture for which the surfaee tension of tlie innislure 
film exceeds the force of gravity. amount nt tlie fiedd 

capacity varies with the boiI texture, h'rom 40 t,o 00 |K'r eerif of 
the pore space of t.he soil is filkal with moist„ur(^ af, field 
capacity. General values of the field capacity in t 4 :TinH of 
percentage by weight are 8 to 15 for sa-udy soils, 15 to 20 for 
medium soils, and 20 to 25 for heavy soils. 

Moisture Equivalent.“The moisture <iquivalei'it is iiii artificial 
moisture property of soils used as a,n index of the naf.tiral proper- 
ties. It represents the moisture nd.nined by a. soil wlieii subjeeted 
to a force of one thousand times gravity in a centrifugal ap'iniratiis 
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using specified sizes of soil samples. As the textures of soils 
vary widely, it is difficult to express the moisture properties of 
the soil by any one factor. The moisture equivalent has been 
used as a single unit to which other moisture properties can be 
related. For soils of medium texture the moisture equivalent is 
frequently approximately equal numerically to the field capacity; 
for coarse soils the moisture equivalent is less than the field 
capacity; for fine-textured soils the moisture equivalent is 
generally greater than the field capacity. 

Minimum Moisture Desirable. — As the soil moisture supply 
approaches the minimum moisture content at which moisture is 
obtainable by the plant roots, plants secui’e moisture with 
increasing difficulty. In order that the crop may not be injured 
by moisture shortage, it is desirable that water should be supplied 
before the rate of growth is affected. The point at which it is 
good practice to replenish the soil-moisture supply may be 
called the minimum moisture desirable. Some available mois- 
ture remains in the soil at the time irrigation becomes advisable. 
Several days may be required to apply water to fields and irriga- 
tion must be started so as to be copapleted before injuiy 
occurs. 

The surface soil is frequently dried below the point of usefulness 
to the plants, the crops obtaining their moisture at such times 
from the deeper soil. Deeper-rooted crops such as orchards can 
be permitted to reduce the soil moisture in the upper few feet of 
soil below the point that is desirable with more shallow-rooted 
crops. The minimum moisture desirable represents the moisture 
condition in the depth of soil from which the crops obtain their 
moisture supply when irrigation is advisable. 

Wilting Percentages.-— A shortage in moisture is shown by 
plants first by drooping followed by wilting. Plants may droop 
during the hotter portions of the day even if adequate moisture 
is available in the soil if the rate of use of moisture by the plant 
exceeds the rate at which the roots can absorb and transmit 
moisture to the leaves. When the plants do not recover in the 
periods of reduced transpiration at night and wilt to a point 
where water must be added to the soil to restore the turgidity 
of the plant, the soil-moisture content is called the ''wilting 
percentage^’ or the "wilting coefficient.” This is a lower 
moisture content than should be permitted to occur if water 
supplies are available for its prevention. At the wilting coefli- 
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dent, the force with which the soil grains hold the moisture film 
exceeds the force the plant roots can exert in extracting moisture 
from the soil. 

The soil moisture may be reduced below the wilting percentage 
under field conditions. The surface soil may be reduced by air 
drying. Part of the deeper soil may also be reduced below the 
wilting percentage if there is available moisture in other parts 
of the soil mass within reach of the plant roots. Plants may 
obtain some moisture below the wilting percentage but the rate 
at which it is obtained is insufficient to maintain plant growth 
unless other sources of moisture supply are also available. 

Where plants were grown in pots so that the soil moisture of the 
entire soil volume was reduced relatively uniformly, observations 
in Colorado^ showed wilting percentages by weight of less than 
1 per cent for coarse sand, 2.5 to 3.5 per cent for fine sand, 5 to 6 
per cent for sandy loam, 10 to 15 per cent for loam, and 14 to 
16.5 per cent for clay loam. No essential difference occurred in 
the wilting percentages for different crops. 

Under field conditions, the soil moisture is not uniform at the 
time of wilting. Wilting occurs whenever the total moisture 
obtainable by the plant from all of the soil on which the roots 
are drawing is insufficient to maintain growth. The soil moisture 
may vary from less than the wilting percentage at the surface to 
saturation below the depth of root growth. 

Hygroscopic Moisture. — Soils exposed to the air will have their 
moisture content reduced below the wilting percentage. The 
moisture the soil is able to retain when air-dried or the moisture 
an oven-dry soil will absorb from saturated air at a constant 
temperature is called the hygroscopic moisture^' or “hygro- 
scopic coefficient.” While not useful to plants, hygroscopic 
moisture must be present in soils before the soil can contain 
the useful portions of the soil moisture. 

The hygroscopic moisture in percentage by weight varies from as 
low as 2 per cent for fine sands to as high as 15 per cent for heavy 
clays. Where plants are grown in tanks so that all of the soil 
has its moisture content uniformly reduced, the hygroscopic 
moisture has been found to be equal to about two-thirds of the 
wilting percentage.^ Under field conditions where plants may 
obtain some moisture from deeper soil, the moisture in the upper 
soil may approach more nearly to the hygroscopic moisture 
before actual wilting occurs. 
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RELATIONSHIPS OF MOISTURE PROPERTIES OF SOILS 

The soil moisture readily available to plant s is repnmtml ed by 
the difference between the field capacil.y and the moisture wlum 
irrigation is desirable. Plant roots require tiir as W(>11 ns water 
in the soil. Saturated soils lack air; dry soils contain a<l('(iuat(‘ 
air but lack moisture. There is no single optimum proportion 
between air and water in soils. Crops grow to eqmd advantag<i 
with the moisture anywhere between tlui minimum desirabhi 



Fio. 2. — CJcneruliKc<l reflation of princiiial soil-niointurc iiniiH'rtitw. 


and the field capacity. A soil free to drain will not. retain 
sufficient water to be harmful to th(i (jrops. 'I’Ik' rate of growth 
is not reduced owing to sliortagt* of inoisf.ure until the sui)[>ly 
begins to approach the wilting pcircentage. 

Soil moisture is continually changing. On bare soils adjust- 
ments take place following rain or irrigation, moisture moving 
downward by gravity flow or (iapillary movetiH'nt as capillary 
adjustment t.akes place and upward by capillary movement iw 
evaporation from the soil surface ocemrs. On cropjaal lan<is 
similar adjust, rnents f,ake place, complicated in additior» by the 
extraction of moisture by plant roots. Moisture in soils under 
field conditions is never uniform or stable, although it may 
approach stability at, the lower moisture contents, ( ’onsequent ly 
observations under field conditions which rcpnwtmt the moisture 
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content at the different moisture points are difficult to 
obtain. 

Generalized relationships of the four principal soil-moisture 
properties are shown in Fig. 2, in which the average inches 
depth of water per foot depth of soil for the usual depths of soil 
moisture use by crops are plotted in relation to the soil texture. 
The curves in Fig. 2 represent the moisture content that would 
be expected if the soil moisture to the depth of principal plant 
use was uniform. For usual conditions the soil moisture in the 
surface foot of soil is larger at field capacity and smaller when 
irrigation is desirable than the average for the depth of soil from 
which the crops secure their principal supply. 

Figure 2 illustrates the proportion of the total soil moisture 
that may be useful to plants and the large differences in the 
amounts of moisture in soils of different textures. The hygro- 
scopic moisture for heavy soils exceeds the field capacity of coarse- 
textured soils. While a larger percentage of the field capacity is 
available to plants in coarse soils than in those of heavier texture, 
the actual amount of readily available moisture is less than that 
for heavier soils. 

For light-textured soils without heavier subsoils, or where 
ground water does not occur within reach of the crop roots, an 
average of from 0.5- to 0.75-in. depth of water per foot depth of 
soil for the usual depths of soil utilized by the crop can be added 
and retained from an irrigation. Moisture movement occurs 
readily in such soils and the amounts of moisture shown for the 
field capacity in Fig. 2 can be obtained to the full depth of 
penetration desired. As general crops may utilize moisture to 
depths of 5 or 6 ft., 3- to 5-in. depth of water may be 
added and retained in such soils from an irrigation. Sandy 
soils with heavier subsoils may retain larger amounts of 
moisture. 

For uniform soils of medium texture, from 1- to 1.25-in. depth 
of water may be added and retained per foot depth of soil where 
the soil is free from heavy subsoils or the effects of the ground 
water table. As penetration is also readily secured in such soils, 
6-m., total depth of water may be added to the soil moisture and 
retained within reach of the plant roots. 

For heavy soils the field capacity shown in Fig. 2 may be 
exceeded if absorption to the full depth of usual plant roots can 
be obtained without having water on the land so long that crop 
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injury results. For very heavy soils, penetration of moisture 
may be obtainable only to depths of 1 to 3 ft., thus limiting the 
total moisture storage that may be secured from an irrigation. 
For such heavy soils the actual moisture capacity is larger than 
that for soils of lighter texture but the inability to secure penetra- 
tion to the full depths desired reduces the average amount of 
readily available rnoiLStiire below that for medium-textured soils. 
For heavy soils the average depth of water that may be absorbed 
and retained in the upper 3 to 6 ft. of soil varies from 0.75 to 1 
in. per foot depth of soil with totals per irrigation of from 4 to 6 
in. on clay loams to as small as 2- or 3-in. depth of irrigation on 
heavy clays. 

Where soils are permitted to approach the wilting percentage, 
larger a, mounts of moisture may be added and retained. Larger 
depths per irrigation may also be retained within reach of deep- 
rooted perennial crops owing to the greater depth of soil utilized. 
Where irrigations are applied when surface soils have become dry 
before the moisture below 3-ft. depth has been used, the average 
a<mounts added and retained from an irrigation are less than the 
amounts stated above for uniform use of soil moisture. This 
condition obtains for much practice with annual crops or for 
perennial crops having the larger part of their feeding roots 
in the surface soil. 

For all soils in which t he depth from the surface to the water 
t al)le is so small that the lower portion of the soil depth containing 
the root systmn derives a substantial part of its moisture from 
t he ca, pillary rise of subsoil water, the irrigation water which may 
be retMined from a, single irrigation may be considerably less than 
those indicated above, 

MOVEMENT OF SOIL MOISTURE 

The principal moisture supply for plants is secured between 
moisture contents represented by the field capacity and the 
minimum desirable. Such soil moisture occurs in capillary form 
and subject to ca-pillary forces in its movement. Capillary 
moisture tends to move from the more moist to the less moist 
soil so as to equalize the surface tension of the moisture film. 
While the forces tending to cause capillary movement of soil 
moisture are definite and positive, the quantity of movement in 
relation to the moisture requirements of plants is of larger 
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practical importance than the principles controlling capillary 
action. 

Movement of capillary moisture may occur in all directions. 
Downward movement of rain or irrigation after the distribution 
of water in excess of the field capacity occurs as capillary flow. 
Lateral distribution in furrow irrigation is largely by capillary 
movement. Moisture moves upward into the soil above the 
water table by capillary action. 

Where marked variations in soil texture occur, capillary move- 
ment is largely stopped. Moisture will not move from a soil 
into a gravelly subsoil until more moisture has collected in the 
soil just above the coarse material than would be required for 
downward capillary movement in a uniform soil. 

As moisture is removed by the plant roots from the soil with 
which they are in contact, capillary action tends to cause moisture 
to move toward the roots from the adjacent soil. For usual 
amounts of soil moisture the amount of such movement is small 
and the moisture obtainable by the plants from such capillary 
action is less than the moisture needed to maintain plant growth. 
For such soil-moisture conditions, plants obtain their moisture 
supply by extending their roots into the soil containing moisture 
rather than by capillary movement to the roots, such capillary 
movement being effective in soils of small moisture content for 
only very short distances. Where a source of water supply is 
continuously available, such as where the roots reach into soil 
within the height of capillary rise above the water table, capillary 
movement to the soil surrounding the roots may supply an 
important part of the crop needs. 

CAPILLARY MOVEMENT INTO DRY SOILS 

If a column of dry soil is placed in contact with water at its 
lower end, moisture will rise into the soil column by capillary 
action until the capillary forces are in equilibrium. The rate of 
rise and the total height of rise vary with the soil texture. The 
initial rate of rise is more rapid in the soils of coarser texture but 
the greatest total height of rise occurs in soils of heavier texture. 
This is illustrated by the results shown in Fig. 3. The initial 
rise was more rapid in the coarser soils but the largest total rise 
occurred in the lava ash soil. While the curves in Fig. 3 show 



PHYSICAL PROPERTIKS OF SOILS 

some rise to the end of the period of observation, tiie mnximutn 
height of rise had been nearly reaelu'd in tli<‘ .SO t<t (HI (lays 
shown. 

The effect of the direction of movement on the di.^tanee 
capillary moisture will move into <lry soil is shown in Ihg. 1. 
The box sloping up at 4.0 deg. and the vertical box \v('re enclosed 
on four sides so that the soil was not ('xpo.se<l lo evaporation. 
In the other flumes one side was ojK'n so that .som<' soil-moist un^ 
evaporation occurred. The much more rapi<l capillary move- 
ment where aided by gravity than where opiio.stal is (‘vid<>nt 
from these results. 


Curve I ® Heavy c(ay sot) 

» 2 » Lava ash sot) 

'» 'Z* fkayy granitic ham soif 

» 4 a Oecomposed grarifhsot/ 

u 5 *> Sandy sot) ' 



T»m© in Hours 


tn Dr.^y.b 


Fig. 3. — Rato of rino capillary mointtir** ia ooltitiinfi of tlr,v will. 

(Atluptrd from 


Capillary rnoiHi-ure Is not uiiifonnly <liHtrihuttHt In a Htill aliovt* ii 
source of luoistaire HUi>ply, ''Hie laTgt^Hl aiucuirit' of moiHture 
occurs a short (lisianc<3 above the waiter stirfacas Hie irioisitire 
gradually diiuiuLslies to t.hc point of inaxiitiiun height of rine. 
This is illustrated by ihe rcsiiltn shown in Mg. 5 giving the 
distribution of moisture in HCfuare vertical! soil cfdiiniriH 

for different tyjx^s of soil/* 

The capillary mn of moisture is affeet.ed somi*whal !iy tlie ske 
of the soil column. Laborat-ory experimenlH in which Hc|iiiiri* 
columns of dry fmc3 sandy loam soil wer<» placed in contfict wiili 
a free water surfar’.e on ttieir lower end nhowial llie hdlowirig 
heights of capillary rise over a {x^riod of 263 dayH:** 
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Fm. 4. — Rate of movement of capillary moisture into dry heavy loam soil on 
various slopes. {Adapted from McLaughlin.^) 



Fig. 5, — Distribution of capillary moisture in vertical soil columns. (Adapted 
from McLaughlin d) 
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:i 3 J> 
4H . 5 
534 ) 

53.7 

55.7 
5<» . 5 
5(» 4 


12 5 S,() 

MOVEMENT OF CAPILLARY MOLSTURE UNDER IRRIGATION 

PRACTICE 


When water Ls applied to the surface of a soil, tlu^ niuisturc*; 
absorbed distributes itself undcu* the cunddned action of gnivity 
and capillarity. Except for the initial niovcanent at th(* time of 
application when tlH‘ u|)per soil may 1>(‘ saturated, such mo\''e- 
ment is mainly by ca|)il!ary action, ddu* rate of siudi capillary 
movement depends upon the nmisture coid(mt of tlie soil, Iwunp; 
much slow('r in rt^lativtdy dry soils. l*'or luaivy soils vvhi<di crack 
when dry, (vntry of water into tlie soil is maJnly throui^h such 
cracks rather than l)y ]t»;(UH*raI alisorplion fhrouf»;h the sitrface 
soil. Downward capillary and i^rnvity moviuniuds arc* also 
aided by the small laissagcnvays Icdt hy roots and wormhohw. 

Movement of moisture in an uneultivalcsl and uncropped sandy 
loam soil following; an irrigation of d.fMn. ric^ptli is shown by thc^ 
results of observations in tiu* Yakima Valley in Washini^tcm in 
doable lA 


Tablk I. Avkhauk Muihtcek C’ontsnt i.n »Six Plats in iNC’ims Dkctii 

OF Watkh laiR Foot DurTU or Hoii, at iniosssa Kxckjumbnt 
July and Augii.^f, 1024 


Hoil dc^ptli, feet 

One tkiy 
hefore 1 

Olio day 
iiftrr 

1 

; 'Phret' vvia'ks 1 
! nft<‘r 

Hix wet'ks 
aftor 


irrigation 

irrigation ^ 

irrigation 

i 

1 irrigation 

1 

0 , If) 

2 .Hit 

’ 1 , 4H ! 

\ 39 

2 

0 7H 

2 / 2 :! 1 

1 . 7f» 1 

1 fi:i 

3 

0 91) 

1.10 1 

1 . 43 

I 33 

4 

I. IS 

1.21 

\ . 33 

t 27 

. J 

3 3S 

L 1 

7.40 

L_ J 

fptm 1 

[. 1 

5,92 


The Haniplt'K t)U(‘ day af1<‘r irriKafion sliowwf an inanaiw in 
moisture nearly to tlu* dopth applied. A Hnuill aiiKnint 
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of penetration to a depth of 4 ft. had occurred, although the soil 
through which the moisture passed was not raised to the field 
capacity. The moisture before irrigation represents about the 
wilting percentage for this soil. The changes in moisture 3 and 6 
weeks after the irrigation represent t,he combined effects of 
drying of the upper soil by evaporation and downward capillary 
movement into the third and fourth iect cf doptli. 



Dep-l-h of Irrigoition 
6 5 Inches 


Depth of Irrigcif ion 
11.5 Inches 


Depth of Irrigoition 
13 Inches 


Fig. 6. — -Changes in soil moisture on bare sandy loam soil with cliff crciin 
depths of irrigation at Prosser Experiment Farm in Washington. (Adapkd 
from Scofield and Wright A) 


Figure 6 shows the results of observations on soil-moisture 
distribution from irrigations of different depths for the same bare 
sandy loam soil represented in Table I.“ The soil before irriga- 
tion was above the wilting percentage and at the moisture 
content at which irrigation for crops would be desirable. All 
depths of irrigation raised the surface soil to field capacity. 
The fi.5-in. irrigation just penetrated to 6 ft. ; some of the 11.5-in. 
irrigation passed below 6 ft. although the upper soil was not all 
raised to field capacity, and the 18-in. irrigation brought the entire 
6-ft. depth to field capacity. The increase in moisture in the 
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upper 6 ft. of soil one day after irrigation accounted for 6.2, 
9.9, and 11.0 in., respectively, of the water applied. For the 
next 6 weeks, evaporation from the surface and downward 
capillary movement continued. For the 6.5-in. irrigation mois- 
ture moved down into the fifth and sixth foot from the third and 
fourth foot and upward for evaporation from the first and second 
foot. Similar movement occurred in the two other depths of 
irrigation. The total losses from the 6 ft. of soil in the 6 weeks 
after irrigation were 3.4, 4.5, and 7.0 in., respectively, the larger 
part of such loss being down- 
ward capillary movement into 

soil below the 6-ft. depth. As ^ ih ^ 25 .s 

this land was uncropped, evap- | ^ 

oration and downward move- .s 21.1 

ment were not affected by | y x 

moisture use by roots during the 
period of these observations. 

The slow movement of mois- a x 

ture into dry soil is illustrated ^ 

by Fig. 7, based on moisture p 

samples taken 48 hr. after a rain ^'*0 6 12 ia 5 1 

of 2.15 in. on a loam soil at Horizontal Sc«to m Inches 

-rv - IT -r mi. -i j. FiG. 7. — Penetration of rainfall into 

JJaviS, Oalli. Ihe soil was at (Jj.y loam soil at wilting percentage. 

the wilting coefficient prior to Figures show percentage by weight of 
. r'n 1 *1 moisture 48 hr. after a rain of 2.15 

the rain; the ram filled the soil {VeihmeyerJ) 

to the field capacity for a depth 

of about 14 in., leaving a sharp line between the moistened soil 
and the dry subsoil. While further distribution of moisture 
would occur, the rate of movement into the very dry subsoil 
would be very slow. 

Movement of Moisture in Furrow Irrigation. — In furrow 
irrigation only a part of the soil may become moistened. Lateral 
penetration may not be sufficient to result in the moisture's 
meeting between the furrows. Downward penetration is depend- 
ent on the soil texture and the amount of water applied. In 
coarse soils downward movement may be so rapid that little 
lateral movement occurs. Best results in moisture distribution 
from furrows are usually obtained in the medium to medium- 


Horizontcxl Scoile in Inches 
Fig. 7. — Penetratioii of rainfall into 
a dry loam soil at wilting percentage. 


heavy soils, in which adequate absorption can be secured and in 
which fairly good lateral movement occurs before downward 
drainage is completed. On very heavy soils it is difficult to 
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secure suflScient absorption for adequate penetration eitlier 
vertically or laterally. 

Figure 8 shows the distribution of water from furrows on a fine 
sandy loam soil at Grandview, Wash.^ (Juite conq)l(de penetra- 
tion both laterally and downward is shown. This soil luus a more 
active capillary movement than some ot-lurr soils of similar 
mechanical analysis. The moisture distribution is more com- 
plete than that obtained in much irrigation pract i(a\ 

An illustration of movement of moisture from furrows is shown 
in Fig. 9. The observations were made on a sandy lou,m soil 


D I sf a n CCS i n Foot 



Fig. 8. — Distribution, of moisture from furrows iu sandy loam soil at (tranrlviow, 
Washington. {Summ and ^'^ehaf^'r^) 

underlaid with a sand. A trench WiW excavated ucroHs 16 
furrows at the mid-point of their longt.h of 660 ft. Tlie water 
took 5 hr. to reach the trench and 17 hr. to reach the en<l of the 
furrows. The results shown were obtained by markinK on the 
face of the trench the extent to which moisture hml iuovckI for 
the different times indicated. This irrigation did not moisten 
all of the soil. Only about 75 per cent of the top » ft. (tf soil 
was moistened with 40 per cent in the fourth foot, 28 p('r cent in 
the fifth foot, and 5 per cent in the sixth foot. l''our furrows 
per tree row were used, made in pairs about 3,' 2 ft. apart. Mois- 
ture had met in all cases between each pair of furrows but did not 
meet in the wider spaces between the pairs. 

SEASONAL VABIATION OF SOIL MOISTURE UNDER IRRIGATION 

Under usual conditions of irrigation practice the soil moisture 
is allowed to reach the minimum moisture desirable before an 
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irrigation is applied. The depth of irrigation applied is then 
usually sufficient to raise the soil moisture to the field cjipacity 
to the depth of principal use of moisture by t.lie crop. This 
practice results in the fluctuation of soil inoisiaire between the 
field capacity and the minimum desirable^ l)eing incr<'a,Bed ciuickly 
at the time of irrigation and diminishing gradually as t lie moisture 
is used by the crop until the next irrigation is applied. 



Fig. 10. — Fluctuations in soil moisture in each foot of soil to fl-ft. depth 
on sandy loam soil growing corn at Prosser FiXperiinent Farm* Washington. 
(Adapted from Scofield and Wright A) 

The seasonal fluctuations of soil moisture in each of the upjxir 6 
ft. of sandy loam soil growing corn in 1926 on the Prosser hlxperi- 
ment Farm are shown in Fig. 10. Seven irrigations of 5-in. 
depth were used. An average of 3.87-in. increase in soil moist, ure 
was shown for each irrigation, the remainder of the depth of 
application evaporating from the soil or penetrating below 6 ft. 
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In addition to the irrigation, the rainfall from May to August 
was 2.32 in. An increase in moisture in each of the upper 4 ft. 
of soil occurred from all irrigations. In the fifth and sixth foot 
some decreases in moisture after irrigation were found where the 
soil was fairly moist before irrigation. Similar reductions in 
moisture have been found in other observations and have been 
considered to be caused by the downward movement of moisture 
at such depths due to the increased air pressure in the soil during 
irrigation caused by the inflow of water at the surface. 

The seasonal variation of moisture in each of the upper 5 ft. 
of a sandy loam soil in a citrus orchard in San Diego County is 



Fig. 11. — Seasonal variation in moisture content in citrus orchard. {Beckett, 
Blaney, and Taylor. 


shown in Fig. 11. Some penetration to 5 ft. is shown, but the 
larger part of the water applied was held in the upper 3 ft. of soil. 
A relatively uniform rate of moisture use between irrigations is 
shown. This soil has a field capacity of about 12.5 per cent by 
weight and a wilting percentage of about 7 per cent. Only the 
surface soil reached the wilting percentage; moisture was con- 
tinuously available in the lower depths. 

DEPTH TO WHICH PLANTS USE SOIL MOISTURE 

The depth to which plants use moisture varies with the type 
of the plant and the soil. Annual crops usually extend their 
root systems to depths of from 4 to 6 ft. Many perennial crops 
extend their roots to greater depths. Roots of alfalfa have been 
found at depths of 40 or 50 ft. However, under usual irrigation 
practice the main mass of the smaller feeding roots occur in the 
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upper few feet of soil and the plants exi ract i heir moist ure supply 
mainly from the upper soil. 

Figure 12 shows the distribution of roots found in the Imperial 
Valley under various soil conditions. Wliile the d(M‘p roots of 
alfalfa may be able to secure sufficicmt moisture to [rreserve the 
life of the plant during periods of nmislun' d(>fieien(;y in the 
upper soil, such deeper moisture is inadcsiuaf e for normal crop 
growth. As the rainfall in this area is negligilik' in amount, the 
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Fig. 12, — Distribution of feeding roots of alfalfa in Irntx'rial alloy, California. 

{PackanU^) 


crops are dependent entirely on the moist olitaiiUHl from 
irrigation. 

The effect of variationB in irrigation practie.e on tin* distribution 
of the feeding roots of alfalfa was measured at Davis, f 'alifd^ 
The resulting percentages of tlic total weiglit of roots in eu<di of 
the upper 6 ft. of soil are shown in Tnlile 11. 

No essential differences in root distribution are shown by 
these records. The normal rainfall at Davis is Hufiieieiit to cause 
moisture penetration during the winter rnonflis to a dc»pth of 
over 6 ft., so that moisture is available in the spring for the full 
depth shown under all variations in irrigation. 
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Table II.— Disteibution of Alfalfa Rooth at Davis, Calif., with 
Difpeebnt Iekigation Practice in Peecentaije of Total Weight 
OF Roots Found in Each Foot Depth of Soil^^ 


Depth, 

feet 

Twelve 

2M-in. 

irriga- 

tions 

Eight 

3M-in. 

irriga- 

tions 

Six 

5-in. 

irriga- 

tions 

Four 

7)^-iii. 

irriga- 

tions 

lliree 

10-in. 

irriga- 

tions 

Two 

15-in. 

irriga- 

tions 

Mean 

1 

47.2 

57.5 

53.1 

47.8 

52.5 

51.3 

51.6 

2 

20.4 

1 

18.2 

19.4 

19.4 

18.9 

20.0 

19.4 

3 

13.8 

10.1 

11.7 

12.4 

12.2 

9.3 

11.6 

4 

8.7 

6.2 

7.4 

8.7 

7.1 

8.0 

7.7 

5 

5.8 

4.7 

4.9 

(>.() 

5.5 

6.4 

5.6 

6 

4.0 

3.3 

3.5 

5.1 

3.8 

5.0 

4.1 


The depth to which alfalfa may utilize the soil moisture is 
illustrated ia Fig. 13 based on observations in Nebraska. On 
lands which had grown alfalfa, a reduction in soil moisture to a 
depth of 35 ft. was found. The annual crops reduced the 
moisture in the upper 6 or 7 ft. of soil. Under the rainfall 
conditions in this area little penetration of moisture past the 
roots of annual crops occurs and there had been little recovery of 
the soil moisture used from lower depths by the alfalfa in the 15 
years since it had been grown on the field represented by Curve 3. 

The depth of rooting of trees varies. Citrus trees are in general 
more shallow rooted than deciduous trees and are mainly depend- 
ent on the moisture in the upper 5 or 6 ft. of soil. Many decidu- 
ous trees utilize moisture from depths of 8 to 12 ft. Some other 
crops, such as strawberries, require continuously available 
moisture in the upper 1 or 2 ft. during periods of ripening. 

References 

1. Davis, R. 0. E., and H. H, Bennett: Grouping of Soils on the Basis of 

Mechanical Analysis, 17. S. Dept Agr. Dept Circ. 419, 1927. 

2. Bbiqqs, L. J., and H. L. Shantz: The Wilting Coefficient for Different 

Plants and Its Indirect Determination, U. »S’. Dept. Agr. Bur. Plant 

Indm. Bull. 230, 1912. 

3. McLaughlin, W. W.: Capillary Movement of Soil Moisture, U. S. 

Dept. Agr. Bull. 835, 1920. 

4 . ; Capillary Distribution of Moisture in Soil Columns of Rmall 

Cross-section, U. S. Dept. Agr, Bull. 1221, 1924. 

5. Wadswobth, H. a., and A. Smith: Some Observations upon the Effect 

of the Size of the Container upon the Capillary Rise of Water through 

Soil Columns, Soil Science, vol. 22, p. 199, 1926. 



PHYSICAL PROPERTIES OF SOILS 


35 


6. Scofield, C. S., and C. C. Weight: The Water Relations of Yakima 
' Valley Soil, Jour. Agr. Researchj vol. 37, No. 2, 1928, 

7. Veihmeyeb, F. J, : Some Factors Affecting the Irrigation Requirements 

of Deciduous Orchards, California Agr. Exp. Sta., Hilgardia, vol. 2, 
No. 6, 1927. 

8. SiEVEES, F. J., and E. G. Schafee: Sugar Beets under Irrigation in 

Washington, Washington Agr. Exp. Sta. Bull. 154, 1919. 

9. Loxjgheidge, R. H.: Distribution of Water in the Soil in Furrow Irriga- 

tion, U. S. Dept. Agr. 0. E. S. Bull. 203, 1908. 

10. Beckett, S. H., H. F. Blanby, and C. A. Taylok: Irrigation Water 

Requirement Studies of Citrus and Avocado Trees in San Diego 
County, Calif., 1926 and 1927, California Agr. Exp. Sta. Bull. 489, 1930. 

11. Packaed, W. E.: Irrigation of Alfalfa in Imperial Valley, California 

Agr. Exp. Sta. Bull. 284, 1917. 

12. Beckett, S. H., and M. R. Huberty: Irrigation Investigations with 

Field Crops at Davis and at Delhi, Calif., 1909-1925, California 
Agr. Exp. Sta. Bull. 450, 1928. 

13. Kiesselbach, T. A., J. C. Russel, and A. Anderson: The Significance 

of Subsoil Moisture in Alfalfa Production, Jour. Am. Soc. Agron.j 
vol. 21, No. 3, 1929. 



CHAPTER III 


DISPOSAL OF IRRIGATION WATER 
APPLIED TO THE SOIL 

Of the water applied to land, a part may pass across the soil and 
be lost as surface waste or run-off. Of the remainder which is 
absorbed by the soil, a part may be evaporated from the soil 
surface and a part may percolate through the soil below the 
reach of plant roots. The remainder of the water applied is 
retained in the soil within reach of the plant roots and is available 
for transpiration. The proportion of the total water applied 
which is transpired by the crops is a measure of the efficiency of 
the irrigation practice. The three items of loss may be reduced 
by proper practice, and where economic conditions justify the 
expense such losses may be limited to a small proportion of the 
total applica,tion. However, even under favorable conditions 
all losses cannot be avoided. Present average practice leaves 
much room for improvement. Such improvement is occurring 
with experience in use in tlie irrigated areas. 

SURFACE WASTE 

This term is used to describe the part of the water applied to a 
field which flows across the area being irrigated and escapes on to 
lower areas or into wasteways. Its amount may vary from 
nothing to a large percentage of the water applied. Surface 
waste is more difficult to control on steep lands on which the 
water flows rapidly or on heavy soils where the slow rate of 
absorption results in much of the water reaching the lower end 
of the run. On flat lands of coarse soil, surface waste is seldom 
an important factor, the problem of irrigation practice being to 
get water across such lands effectively rather than to prevent 
surface waste. 

Surface waste from one field may not be lost from the farm as it 
may be picked up and reused on lower fields. Similarly surface 
waste from the farm may not be lost to the irrigation system as it 
may be caught and reused on lower farms. The surface waste 
from upper-canal systems may return to the stream and be 

86 
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available for diversion by lower canals. Surface waste is a loss 
for the area on which the water is applied and the supply required 
for delivery to the land needs to be large enough to include 
reasonable surface waste. 
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Fig. 14a. — Waste of water delivered to 200-ft. furrows on. loam soil 12 in. 
deep over clay hardpan. Slope, 1 per cent; flow per furrow, 0.04 sec.-ft. ; crop, 
potatoes; average time of set, ij^a h,r.; average depth of water applied, 0.27 ft.; 
average waste, 21 per cent. 


Where water is expensive or where it is difficult to secure an 
outlet for waste water, the amount of waste is usually small or is 
entirely prevented. The landowner is responsible for the water 
discharged from his farm if it causes damage to adjacent farms or 
roads. Flooding of highways is a misdemeanor in the western 



Fig. 146. — Waste of water delivered to 318-ft. furrows on sandy loam soil 
18 in. deep over gravel. Slope, 4 to 5 per cent; flow per foot width of run, 0.025 
sec.-ft.; crop, alfalfa, average depth of water applied, 1.68 ft.; average waste, 5 
per cent. * 


states. A few prosecutions for such flooding in any locality 
usually result in a reduction in the amount of surface waste. 

In Fig. 14 are shown the results of measurements of waste from 
furrow irrigation near Reno, Nev. On the heavier soil (Fig, 14a), 
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water reached the lower end of the furrow quickly and the waste 
soon equaled two-thirds of the supply delivered. Longer times of 
run in the furrow would have shown almost 100 per cent waste 
as the soil over the nearly impervious hardpan could absorb 
little additional water. A shorter time of run would have given 
nearly as large depths of absorption with a smaller average 
percentage of waste. On the coarser soil (Fig. 14&), a very heavy 
irrigation was absorbed before any water wasted from the lower 
end of the furrows. The problem in such cases is to get the water 
over the land without applying water in excess of the moisture 
capacity of the soil and causing deep percolation losses. While 
surface waste was small in this case, probably over two-thirds of 
the water applied penetrated into the soil below the depth from 
which it would be available to the crop roots. 

Measurements of surface waste from many single fields in 
Idaho using the corrugation method of irrigation gave the 
following results:^ 


Crop 

Soil 

Average percentage 
of surface waste 

Alfalfa 

Clay loam 

19 

Grain 

Clay loam 

25 

Alfalfa 

Gravelly 

2 

Grain 

Gravelly 

1 2.5 


Waste from entire farms would be less than these amounts. 
It was concluded that, on medium to heavy soils with this method 
of irrigation, provision should be made in planning deliveries to 
farms for surface waste amounting to 7.5 to 12.5 per cent of the 
water delivered. Measurements in Montana with wild-flooding 
methods indicated that 5 per cent waste on medium soils was a 
sufficient allowance. On lands prepared in checks by enclosing 
leveled areas with levees, surface waste should be negligible in 
amount. Furrow irrigation in orchards or row crops requires 
careful regulation to prevent from 5 to 10 per cent waste on 
heavier soils or steeper slopes. With care in handling water, 
surface waste can be largely or entirely eliminated even under 
unfavorable soil and topographic condition. Such results are 
obtained in the citrus practice of Southern California. 
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ABSORPTION 

The rate at which soils absorb water varies widely. On coarse 
soils with adequate underdrainage, absorption may continue as 
long as water is applied to the surface at a fairly uniform rate of 
2- to 5-ft. depth of water per 24 hr. Efficient irrigation requires 
covering such lands quickly if the depth applied is not to exceed 
the moisture holding capacity of the soil. At the other extreme 
are some heavy soils which crack when dry and swell when wet. 
On the gumbo soils of the Belle Fourche Project,^ drying forms a 
natural mulch about 2 in. thick with cracks extending to 15-in. 
depth. When irrigated, after the cracks and surface soil have 
been filled, little further absorption can be obtained and longer 
times of run of water over the surface result in little further 
absorption. Similarly slow rates of absorption occur on the 
clay adobe soils used for rice in the Sacramento Valley, where 
water is ponded on the land for over 90 days during the period 
of crop growth with very little absorption by the soil. 

When water is turned on to land in flooding methods or started 
in furrows in furrow practice, as the water first comes into contact 
with the soil an initial absorption takes place quickly as the dry 
surface soil becomes saturated. Further absorption is at a slower 
rate which with the medium and coarser soils will continue as 
long as the water is applied, unless the soil becomes fully saturated 
to the depth of some impervious subsoil. By the time the water 
has reached the lower end of the run, the upper end will have 
received its initial absorption plus the continued absorption dur- 
ing the time of the run. If the water is then shut off, the upper 
end of sloping runs becomes unwatered first and some continued 
absorption will occur on the lower end as the flow drains down 
the slope. If water is allowed to continue to flow into the run 
after it reaches the lower end, absorption will continue over the 
whole area during the time of such run. 

These conditions are illustrated in Fig. 15 for sloping land. 
The uniformity of distribution over the area depends on the 
amount of absorption while the water is progressing " across 
the run. If a small stream which progresses slowly is UBcd, the 
absorption at the upper end during the advance of the flow may 
be a major part of the total application. Absorption while water 
is draining from the run is usually much less than that during 
the advance of the flow, as the time of draining is shorter. 
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To secure relatively uniform distribution on course soils, water 
must be gotten across the runs quickly. This can be accomplished 
by using large heads of water or short runs. Very coarse soils 
will absorb 3 to 6 in. initially and continue to absorb af< t he riite of 
2 to 4 in. per hour. If it takcvs an hour for wa( er to reach the 
lower end of the run, the absorption at tlie upper end may be 
double that at the lower end on such soils. As thc^ init ial absorp- 
tion is nearly equal to the moisture capacity of tliese soils to the 
usual depth of use of moisture by crops, it is not. ruaa^ssary to 
have water run for more than a short period in order to secure an 
adequate depth of application. Irrigations in which a.n average 
depth of water of 6 in. is applied may consist of an a-bsorption of 


absorption 

from f/rst 

contact of 

Continued absorptlorT'’''’-'-''^^ water 

as wafe r progresses across tmare^ 

JJmform abs o^tion while \yhofe area is covered with "watoF 

waFrd?F'nFfrmr 

Fig. 15. — Character and distribution of absorption from an irriKal ion over lonKth 
of run of water on sloping? land. 


as much as 9 in. at the upper end and 3 in. at tlie l()W(*r. A distri- 
bution of 7 in. at the upper end and 5 in. depth at the lower would 
represent good results. 

On heavy soils it is difficult to secure iulequnte absorption. 
■On some heavy soils, not over 2- or 3-in. d(‘pt h of water will be 
absorbed at an irrigation. In some cases aclditional absorption 
may be secured by repeating the irrigation after the soil has had a 
few hours for the first application to enter the soil more deeply 
and for the entrapped air in the lower soil to escape. Heavy 
soils require frequent irrigation owing to the small amount of 
absorption obtainable. While the pore space and actual moisture 
holding capacity of heavy soils are large, such capacity cannot be 
fully utilized owing to the difficulty of movement of moisture 
through the very many but very small pore si^aces. 

Effect of Length of Run. — The effect of length of run of water 
over the land in field flooding is illustrated by observations made, 
in Idaho on a gravelly soil.® On a field in which t,he wji,t,er was 
run nearly mile in a strip about 100 ft. wide, the time required 
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for the water to cover each succ(>s,sivG one-eighth of the total 
length of run was observed. A constant Inaui of 7 sec.-ft. W!U^ 
delivered. The results are shown in Table III. 


'I’ahlk III. — Effect of Lenotii of He.st of Watkk in Fieiu) Floodino 
o.N Amount of Watku .\»sokhki)’ 


Division 

number 

Tot 111 
length 
of run, 
ftH‘t 

Time rtRiniri*(i to 
eov(‘r (‘ueh ilivision 

Hours j Minutes ; 

1 

1 

1 Total 

1 aer(‘-tV(4 

i ^ 

1 i 

i ! 

i i 

1 

Avera,g<‘ 

dt‘{)th 

(ie{iv(*r(Rl,| 

feet. 

Df'pth 
(ielivereci 
on added 

Ud’ea 

covered^ 

fe(4r 

1 

327 

0 

45 

0.43 

0.62 

0.62 

1-2 

(>53 

1 

40 

0.06 

0.68 

0.75 

1-3 

980 

2 

50 

1.63 

0.76 

0.03 

1-4 

1,307 

4 

15 

2.44 

0.85 

1,08 

1-5 

1,034 

0 

15 

3.50 

1 0.00 

1.53 

1-6 

1 ,900 

8 

15 

4.74 

1.08 

1.53 

1-7 

2,287 

10 

30 

6,04 

' 1.17 

1 . 67 

1-8 

2,500 

13 

1.1 

7,62 

1.33 

2.87 


Table III shows that water had to be run into tliis area, for ov<*r 
four times as long to cover the last oiuM'ighlh of the length aH 
for the first one-<nghth. As Wider travelcal down the area, 
piirt of the sup{)ly Wiis idisorbed by the area idnaidy covereci 
leiiving a smaller tiow to push on over fh<' rennuning length. 
Towiird the lower eiul the flow rfunaining wiis so small that 
progress was very slow. If this field had be<>n divided with 
ditches and wider turned directly into ciieh division, it could 
hiive been covered with less than one-lialf of the wider used on 
the long run as each portion would use iin amount similar to thti 
first division. A siiving of IMi iKw cetd. in the wiiter uschI could 
hiLve been made by using two runs of one-half the hmgth used. 
Effect of Si 2 e of Irrigating Head. 'I'h(> efTeet. of t he size of head 
on the iunoimt of wider neeiled to cover the land is shown by the* 
three curves in Fig. Ifi. flurve 1 represents a eompaet volcanie- 
iish and adobe soil with ii length of run of (515 ft.. Reducing thii 
size of head u.sed from D.b to (5.4 . jM*r acre ni'iirly doubled 

the depth of water requinal to cover this fairly heavy soil. 
( hirve 2 represent s a wind-blown iish and windy soil with coarse 
subsoil with a length of run of 1,550 ft. A snudl reduction in 
size of stream doubled the amount of water reipureil. (lurve R 
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shows the results for a soil consisting of a thin layer of ash and 
sand over coarse gravel with 515-ft. runs. Even for this length 
of run a 40 per cent reduction in size of head resulted in a 100 
per cent increase in the water required. 



Fig. 16.— Relation of size of head used and depth of irrigation rtHiuired for three 
fields from experiments in Idaho. (Adapted from /Steward J) 


Figure 17 shows the effect of size of head on depth of irrigation 
with border checks based on observations on the Carlsbad Project 
in New Mexico. As these checks are of uniform width for their 
full length, the size of head is expressed in terms of the rate of 
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Tig. 17.— Effect of head of water on depth of irrigation in ffooding by border 
method. Carlsbad Projoet, New Mexico. 


flow per foot width of check. A relatively rapid decrease in the 
depth of water required with an increase in the size of head is 
shown for the smaller sizes of head. For sizes of head of over 
0.1 sec.-ft. per foot width of check less difference occurred. 
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Similar results are shown by observations on l-acre border 
checks havinf!; a slope of 3’ o in. i^r 100 ft. at Davi.s, Calif. The 
soil is a loam.'' 


Rate of Application, C'uhic 
per S(Ha)iid pf^r Acre 
4.6 
10.1 
13.5 
15.3 
17.8 


Depth of Water Reipiireti 
p(*r Irrigation, Feet 
2.75 
1 . 86 
1.16 
0.84 
0.60 


MeasurernentB in the Sacramento Valley^’ iiuli(‘atecl tliat tln^ 
average size of head iiaed acre^ wan 23 see.-ft. for gravcdly 
loams, 11 sec.-ft. for sandy loams, 9 sec.-ft, for silt hnuuH, 7 see, -ft , 
for clay loams, and 3 see*-fi. for ela^vs. Acdmal ch(*eks uh«hI are 
generally less than 1 acre in a,n'‘a., so tliat. tin* a.<dunl Innids nned 
were less than the amounts slatted, such as using 5 on 

quarter-acre checks on gra;velly loams, F(U’ good |)ra..el t«*e, Ki74*H 
of checks and heads should 1 h* adjusted so that alfalfa on eoarHe 
soils can be covered evenly without using in i^jccess of itn avc^rage 
depth of irrigation of 6 in. 


BEEP PERCOLATION 

Deep percolation is the moisture whieli peiiet rates belfiw tlie 
depths from which it may !)e us(*d by |)lanls. Jt n»|iresents the 
part of the water absor!)ed whieh exe(*eds tbe field eafiaeity of 
the soil within the depth of root <iev<d<»pment . 'rhe aittourtf. of 
deep percolation depends tif^on the amount of wai.er ai>sorls*d, 
the dryness of the soil at the time <d irrigalhuj, and tin;* tiiotsitirt* 
holding capacity of the soil Huelt <ieep ixu^colntion is dillieuli 
to prevent on coarse soils wliere <^xcesH watca* may bi* absorlaal 
before the water has naiched tiie l<nv(*r ends of tla^ irri|/jittni nnm, 
It is seldom a serious prol>lenx on h<*n.vy soils. 

Deep percolation on an imlividual fad<t represstmts a loss in itie 
irrigation practice for that, fielih Such percolat ion, tog,et her wit It 
the seepage from tiie c^anals, imaluces a rist^ in th«* ground walfu* 
which frequently rf^sults in waterlogging unl«‘HH rotiioveil I>y 
natural or artificial drainage. Wlulc^ drainage water ar naltirni 
return flow to streams is available h>r nnisc* and is n, uf 

water supply on many streams, mucli injury to irri,g:atef! latalH 
has been caused by ovc^ruse with n^sult ing leaching of soil fiwtilily, 
waterlogging, and alkali. 
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Observations of deep percolation are difficult to make directly, 
as the percolating water cannot be segregated for measurement 
under field conditions. Some experiments have Ixaur made by 
placing soil in tanks or lysimeters, from which the moisture 
passing through the soil from different amounts of irrigation is 
collected by some method of drainage. Such drainage does not 
occur from the tanks until the soil in t he hot t orn of t lie tank has 
become nearly saturated. Under field conditions, downward 
moisture movement into deeper soil occurs as soon as the soil 
moisture approaches the field capacity. Lysimeters tend to 
indicate less percolation than would occur under fu'ld conditions. 

Field observations of percolation ani more usually made by 
accounting for the other parts of the water appli(‘d and charging 
the remainder to percolation. The observatuons consist in the 
measurement of the total water applied less any surface waste 
and in soil-moisture samples taken befoul and aft m- the irrigation. 
The difference between the water alxsorbed by the soil and the 
sum of the increase in soil moisture and the (wafxiration and 
transpiration between the times of soil-moisture sampling repre- 
sents the deep percolation. The evaporat ion and transpiration 
for the time between soil-moisture samplings are usually relatively 
small in relation to the percolatiion on coarscu' soils and may 
be estimated and deducted or included with the percolation. 
The period between moisture samplings is usually 1 to 3 days in 
order to give time for the main moisture distribut ion to take place. 

The water holding capacities of soils have been discussed in 
Chap. II. The following examples illustrate the amount of 
percolation that may occur under diffenmt; condit ions. 

Observations of Percolation from Tanks.— A st riking example 
of large percolation loss on coarse gravelly soil is shown in Table 
IV, based on observations in tanks made in Idaho.» It was 
found that large amounts of water were being applied under 
field conditions and it was desired to measure t,he proportion of 
the water applied which percolated below depths of 6 ft. In 
1911, soil was placed in tanks 6 ft. deep and given the same 
depths of irrigation at the same times as the adjacent field. The 
percolation was found to be about five-sixths of the water applied. 
In 1912, the experience of 1911 was used and the water applied 
to the tanks was limited to the amount retained from an irriga- 
tion in 1911. In 1912, no percolation occurreil except from the 
first irrigation which was intentionally made somewhat heavier in 
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order to be sure to moisten the full <l<‘pth of tank. Alfalfa 
had been seeded in the tanks in 191 1, and in 1912 if iniule just nn 
thrifty growth and went as long l)etwe(m irrigations witlioiit, 
drought injury with irrigations of about 2-in, as I la* alfalfa 

in the adjacent field which was giv<‘n irrigations <4 ala ml 1 ft, 
in depth at the same frequemw. 'r!u\s<^ nssults imlieate that ini 
such coarse soils the moisture holding viipnvhy for tlm upper 9 ft, 
of soil may be as small as ^ (hq)th of water per foot dcq>fh of 
soil. The effort of pna^tice should l)e to gnt th(' water <»ver sueh 
lands with as little application in <‘X(a'ss of 2- to 2-in. total depth 
as practicable. Bueh results r(a[uire large luaids aiul short runs. 
While this soil is unusually coarse and lias a very small moistures 
holding capacity, it is a fore<4ul illustration of the* prineiph\s 
involved and the largi^ jKUTolation losses (lint na'qy ocaair under 
unfavorable condit ions. 

Table IV.— PEuroi.A'noN rmiM ('Juavelly Snii, is 'Panhs Pi Ft. Dkkb, 
( iitowiN<} Alfalkv'* 

S(‘!iH()n t)f UUl I S<‘aw»n uf I!H2 


of of j of I of 

Dat(M)f irripitiou irri- pom)*. Date* of irrijsnt ion | irriKn- ! porro- 
f^alion. lalion, I lion* Itntiotu 

foot' f<‘<'t \ foot j fo'U 


May 31 ! 1.10 0.00 May 2S : 0 MO | 0. 12 

June 14 0.71 0,00 Juno 21 | f). 15 ; Tmia* 

July8 0.S3 O.SO July2... I 0M5 ioViioo 

Aug. 1 0.01 0.51 July 0. i 0 15 ! 0 

Auk. f 1 Ki I (1 ir. i tl 

Auk. si 1.0 0 0-i -luly i!I |o in ' 0 

Kepi 24 l.ns (!Atr> July 2.K | (1 Ifi . « 

Auk. K h> 15 : n 

.\UK. 1.1 ,j 0 i.n (» 

Kepi. 2 ..,!() 1,5 (1 

Total 11,. w .n..')! 'fiitiii I 1 nn ti ii> 

j j 

Precipitalion, JuMc to ; | I’n'i-ipituliiui, April to | 

Kept i 0.;il i , , , . ; Auk I 0,71 


Retsults of experiments af Uni, ul ilk, Ore., in lysimelers (» ft. 
deep and B.d ft. sejuare filletl wilh soil of dilTerenl fexlures an* 
shown in Table V." The water jip{)Ii<>«l to thtw tankH wuh all 
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absorbed and used by evaporation, transriiration, or percolation. 
For tanks 1 to 4 of medium sand to which about S-ft. depth of 
water per season was applied in individual irrigations of about 
3-in. depth, little percolation occurred on the tanks growing 
alfalfa; for the bare tank, over two-thirds of the water percolated, 
the remainder being evaporated. Percolation was continuous 
between irrigations from the bare tank. For the tanka filled 
with the other soils, percolation was in general proport ional to 
the coarseness of the soil. On the heavier soils, downward move- 
ment occurred more slowly and the moisture was evaporated 
from the soil surface and intercepted and used by the alfalfa 
roots, before it reached the drain from the tank, for tanks on 
which the total amount of use per season was about 5 acrc-ft. per 
acre. When the use was increased to about 10 ft. in depth per 
season, some percolation occurred. For all of these tanks the 
amounts applied at each irrigation were representaf.ive of smaller 
depths of irrigation than are generally used in field practice on 
similar soils. Drainage from the tanks would be less than the 
downward percolation in field soils owing both to the lighter 
irrigations used and to the necessity of having saturated soil in 
the bottom of the tank before drainage occurs. 


Table V. — Annual Water Applications and Percolation in Lybimeter 
Experiments with Various Types op Soil and Cktops at the 
Umatilla Field Station, 1915 to 192.')'* 


Tank 

number 

Soil 

Crop 

Years 

of 

observa- 

tion 

Annual 

deptli 

applied, 

inchtis 

Annual 
depth of 
perco- 
lation, 
inclum 

, P(»r- 
(amtagc 
of pt^rco- 
lation 

1 

Medium sand 

None 

11 

58.4 

41.1 

70.0 

2 

Medium sand 

Soy beans 







and vetch 

11 

58.2 

25.2 

43.5 

3 

Medium sand 

Alfalfa 

11 

68.4 

10.8 

19.1 

4 

Medium sand 

Alfalfa, 







manured 

11 

58.4 

8.9 

16.0 

6 

Fine sand 

Alfalfa 

9 

60.3 

, 6.0 

8.7 

6 

Coarse sand 

Alfalfa 

9 

60.3 

15.2 

25.5 

7 

Silt 

Alfalfa 

5 

66.6 

0 

0 

7 

Silt 

Alfalfa 

3 

121.6 

13.3 

12.0 

8 ■ 

Silt loam 

Alfalfa 

5 

67.2 

0 

0 

8 

Silt loam 

Alfalfa 

3 

121.6 

14.5 

11.9 
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Observations of Percolation under Field Conditions, — Experi- 
ments under j&eld conditions based on soil-moisture determina- 
tions on the sandy soils on the Minidoka Project in Idaho, where 
water was applied in level rectangular checks in alfalfa, gave the 
following results: 


Depth of irrigation, inches 

Depth of water retained 
in upper 5 ft. of soil, 
inches 

Depth retained, 
percentage of depth 
applied 

Less than 4.0 

3.4 

100 

4.0 to 5.0 

3.9 

88 

5.0 to 6.0 

3.6 

66 

6,0 to 7.0 

4.2 

63 

7.0 to 9.0 

4.0 

52 

Over 9.0 

4.1 

30 


This sandy soil was able to retain only about 4-in. depth of 
water above the coarse sand which occurs at the 5-ft. depth. 
The amount retained was not increased by the heavier irrigations. 
The alfalfa went as long between irrigations without injury 
with the lighter irrigations as with the heavier applications. For 
eflSiciency in the use of water, such soils should be prepared so 
that they can be irrigated without using over 4-in. depth of water 
per irrigation. 


Table VI. — Distribution or Total Soil Moisture before and after 
Irrigation, Logan, Utah 


Depth 
of water 
applied, 
inches 

Num- 
ber of 
trials 

Before or 
after 

irrigation 

Percentage of total moisture by weight in each 
foot depth of soil 

Mean 
percentage 
of total 
moisture 
for 8 ft. 
of soil 

1 

2 

3 

4 

5 

6 

7 

8 

2.6 

23 

Before 

9.67 

10.65 

11.78 

12.97 

11.92 

11.41 

11.75 

11.49 

11.43 



After 

19.24 

13.70 

13.17 

13.84 

12.66 

12.72 

12.31 

12.70 

13.67 



Increase 

9.07 

3.16 

1.39 

0.87 

0.74 

1.31 

0.66 

1.21 

2.24 

5.0 

115 

Before 

12.97 

14.08 

15.68 

16.09 

16.21 

15.18 

14.77 

13.92 

14.74 



After 

23.92 

20.71 

19.27 

17.96 

16.25 

16.79 

16.60 

14.81 

18.04 



Increase 

10.96 

6.03 

3.69 

1.86 

1.04 

0.61 

0.83 

0.89 

3.30 

7.5 

44 

Before 

10.02 

12.44 

14.44 

16.11 

14.20 

13.40 

13.13 

13.27 

13.33 



After 

23.83 

21.83 

20.06 

17.40 

16.87 

14.66 

14.21 

14.15 

17.76 



Increase 

13.21 

9.39 

6.61 

2.29 

1.67 

1.26 

1.08 

0.88 

4.42 
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The distribution of irrigation in a heavy loam soil in Utah 
from irrigations of different depths is shown in Table VI/ based 
on soil-moisture samples taken just before and shortly after 
irrigation. This soil has a dry weight of 76 lb. per cubic foot. 
The additional depth of water found after irrigation equaled 2.6 
in. for the 2.5-in. irrigation, 3.85 in. for the 5-in. irrigation, and 
5.15 in. for the 7.5-in. irrigation. The excess for the 2.5-in. 
irrigation represents the inaccuracy of soil-moisture sampling. 
The unaccounted-for water for the 5- and 7.5-in. irrigations 
represents the percolation below 8 ft. and the evaporation and 
transpiration between the times of sampling. Some increase in 
soil moisture is shown for each foot of soil depth for all irrigations, 
the increase in the upper 3 ft. being larger than that at greater 
depths. 


SOIL-MOISTURE EVAPORATION 

The amount of evaporation of moisture from soil depends on 
the availability of moisture at the surface of the soil and on the 
atmospheric conditions. In most arid regions atmospheric con- 
ditions during the irrigation season are generally favorable 
to relatively rapid evaporation. Soil-moisture conditions are 
also favorable during and just following surface irrigations. Soils 
wet at the ground surface will have a rate of evaporation some- 
what larger than that from a water surface owing to the higher 
temperature of the soil. As soon as the surface of the soil 
becomes dry, the amount of evaporation is determined by the 
rate at which capillary movement may bring moisture to the 
surface to replace the moisture that has evaporated. The drying 
of a few inches of the surface soil materially reduces the rate of 
such capillary movement with a corresponding reduction in the 
rate of evaporation. 

There has been a large amount of experimental investigation 
of soil-moisture evaporation under both dry-farming and irriga- 
tion practice. As the results of the more complete studies have 
become available, earlier conclusions have been adjusted and field 
practices for the prevention of evaporation have been modified. 
Much of the experimental work has been based on an efforf'to 
determine the extent to which moisture in the soil could be 
protected from evaporation by the use of soil mulches. The 
view was formerly generally held that the formation of a surface 
mulch destroyed the capillary continuity of the soil and reduced 
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tlie rate of evaporation. Frequent cultivation to maintain the 
soil iniilch was common in summer fallow practi(‘e in dry farm- 
ing;, and in orcliards and other irriga-ted crops whicdi permitted 
such cultivation. Further studies have shown that, where the 
soil rnoisiure is much below the field capacity, capillary move- 
ment occurs relatively slowly and litt-le soil-moist ur<^ evaporation 
takes {)lace after tlie surface soil has become dry <Mt!ier with or 
withoul a soil mulch. Sufficient cultivation to i)rev(mt loss of 
moist ur(^ by trans})irat ion by weeds should b(^ practicuai. Such 
transpirat ion from even a limited amount of growth may be 
several times the arnount of evaporation from the soil. 

Where ground water occurs near the gn)und surface and 
furnishes a continuing source of moisture su|)|)ly for capillary 
movement, mulching will nnsult. in a reduct ion in the soil-mois- 
ture evaporation. Ground water occurs at such dc'pths under 
much irrigated hind. More frecpient cultivat ions for both weed 
and eva.|)orali(m control are needed under su<di conditions. 

Experimental Methods.- Observations of soil-moisture evapo- 

ration have usually been made on uncropped soils. Wit h growing 
crops, soil-moist lire evaporat ion is riMluced owing t o t he shading 
by the (U‘op and is also further redinaai by tfu' infenaqitfon and 
use by the plant roots of moisture which might othimwise reach 
the soil surfacn aaid be cva|)orated. Owing to siudi conditions 
the numeri(?al results of expmiment s on soil-moist un* evaporation 
represent larger amounts of loss than would occur under usual 
conditions on irrigat(Hl hinds. 

Observations of soil-moisture evaporation have made hy 
the use of tanks and by soil-moisture sarrqiling in {.he field. 
Tank imdiiods |)ermit, a, more close control but. may introduce 
conditions diffeuing from tliose a.pplying in the fiedd. l^lxcess 
moist iirc^ may acaaimuhite in tiic lower port ions of the tanks 
within capillary reach of the Hurfa,ce so tliat, the a, mount of 
evaporation c\K<a‘e<lH tha,i which occurs undew field conditions on 
drained soils. Other factors afhK'jting tli<!! re^Hults tfie Him 
of the ta.nk iind methods of securing tcnxiiieratures in the soil in 
the tank similar to those in tlie field. 'Ty|>ical eH|Uipment for 
tank experiments is shown in Fig. 18. 

Ah the amount of soil-moist^ure evaporation is usually a small 
part of tlie total soil moisture, fwdd ohservafions by means of 
soil-moist.ure samples rmpiire care and refadition to secure 
dependable results. A large amount of such work has been done 
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mainly where ground water was too deep to afiect the evaporation 
and usually on soils that were relatively dry. 

The results of experiments on soil-moisture evaporation which 
follow have been, divided into three groups based on the general 
moisture conditions of the soil. These groups are (1) those in 
which the soil is saturated at known depths below the surface, (2) 
those in which the soil moisture was in excess of field capacity 
but not in contact with a continuing water table, and (3) those 
in which moisture was not available in excess of the field capacity. 



Fig. 18. — Tanks -used for experiments on evaporation. {Fortier.^’^) 


Evaporation from Soils with Shallow Water Table. — Results 
from experiments at Denver, Colo., where water was maintained 
at different depths below the soil surface in 2-ft. diameter tanks 
jBdled with a sandy loam soil, are shown in Table VI I. ^ With 
water 4 in. below the surface, the soil-moisture evaporation was 
nearly as large as that from a free water surface. As the depth 
of the water table increased, the moisture in the top soil decreased 
with a corresponding reduction in the rate of soil-moisture 
evaporation. Little evaporation would occur from this soil 
with the water table more than 4 ft. below the surface. 

Evaporation from 8-in. diameter columns of loam soils of differ- 
ent length with an initial moisture content equal to the field 
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Table VII. — Effect of Depth op Water Table on Surface Soil 
Moisture and Evaporation prom Sandy Loam Soil® 


Depth to water 
table from soil 
surface, inches 

Moisture in top 

4 in. of soil, 
per cent by weight 

Evaporation from 
soil during 65-day 
period, inches 

Evaporation from 
soil, per cent of 
evaporation from 
water surface 

4 

18.9 

11.34 

88 

16 

16.2 

10.26 

80 

28 

13.2 

8.02 

62 

38 

9.6 

4.24 

33 

43 

7.9 

0.98 

8 

50.5 

1 6.3 

0.93 

7 


capacity and with their lower ends in contact with water is illus- 
trated by laboratory observations at Berkeley and Davis, Calif.® 
The tubes were filled with carefully packed soil, irrigated until 
drainage occurred, allowed to complete the drainage, and the 
lower ends set in water. The water drawn into the tubes by 
capillary action and evaporated was measured over a period of 10 
months. The average results for two tubes of each length were 
as follows: 


Length of Tube, 
Feet 
4 
6 
8 
10 


Average Bate of Evaporation 
from Soil Surface, 
Inches Depth per Month 
1.35 
0.74 
0.38 
0.065 


After the completion of these observations, the soil-moisture 
distribution in the tubes was determined, with the results shown 
in Fig. 19. A gradual reduction in moisture content from the 
water surface at the bottom of the soil columns to the soil surface 
was shown. When free to drain, this soil retained about 20 per 
cent moisture by weight. The lower portions of the soil columns 
retained more moisture than the field capacity when free to 
drain; soil-moisture evaporation reduced the upper portions 
below the field capacity. These results indicate that capillary 
action is not effective in raising moisture in this soil for heights 
above the water table of more than about 10 ft. 

The effect of mulching on soil-moisture evaporation where the 
water table is within capillary reach of the soil surface is illus- 
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trated in Fig. 20, based on laboratory observations in California 
on columns of loam soil, 4 ft. high.^*^ The mulched tanks were 



5 10 15 20 25 30 35 

Soil Moisture in Per Cent of Weight of Dry Soil 


Fig. 19. — Distribution of moisture above a water surface in. columns of loam soil 
4, 6, 8, and 10 ft. high after 10 months. , (Shaw and Sntilh,^) 


cultivated at the beginning of the experiment, about 6 months 
later, and at about monthly periods^ during the remainder of the 



Fig. 20. Evaporation under laboratory conditions from 4~ft. columns of loam 
soil with water at base of column. (Adapted from Shawl^) 


period. MulcMng under these conditions reduced the soil- 
naoisture evaporation by 38 per cent. 
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Evaporation from Soils with Moisture in Excess of Field 
Capacity. — In several experiments on soil-moisture evaporation, 
tanks have been used in which the depth of irrigation applied 
was sufficient to raise the soil moisture above the field capacity 
without creating or maintaining a permanent water table at any 
fixed depth. Such experiments are of interest as indicating the 
relative losses that may occur from soils having impervious 
subsoils at depths of 4 to 5 ft. where excess moisture may collect 
above the subsoil following an irrigation. 



Fig. 21.-— Evaporation loss from xmcultivated bare soils in tanks following an 
irrigation. {Adaptad from Fortier and BeckettM) 

Figure 21 illustrates the average results obtained with such 
tank observations at six different stations during summer 
periods. ihe tanks were 4 ft. deep. A 6-in. irrigation was 
applied under conditions which would result in moisture in excess 
of the field capacity in the lower portion of the tanks. The 
tanks were uncropped and uncultivated. The evaporation from 
a water surface in similax* tanks is also shown. The evaporation 
from the soil during the first few days following the irrigation 
was as large as that from the water surface, nearly one-half of the 
total loss for the 28-day period occurring in the first 4 days. 
Some evaporation at a relatively slow rate was still occurring at 
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the end of the period. Of the 6-in. depth of irrigation applied 
the remaining 4 in. was still held by the soil in the tanks and 
had not been returned to the surface by capillary action. 

A comparison of the difference in evaporation with and without 
cultivation of the soil is shown in Table VIII and Fig. 22. These 
results were secured in observations in tanks under similar 
conditions to those described for Fig. 21. As the moisture of the 
soils in the tanks was above field capacity, the amounts of evapora- 
tion and the indicated saving due to cultivation exceed what 
would be obtained under field conditions with dryer soils. About 
one-half of the total loss from the cultivated tanks occurred in the 



iffect of Cuftimfion on evaporafior? losoes fhom irngafecf so/ Is, 


Fig. 22. — Eyaporation loss from cultivated and uncultivated bare soils in tanks 
following a 6-in. irrigation. (Adapted from Fortier and Beckett.^'^) 


first 3 days after irrigation before the soils were sufficiently dry 
to permit cultivation. For the conditions of these experiments, 
a saving in evaporation due to cultivation of about 0.5-in, depth 
of water was obtained. 

The differences in evaporation between flooding the entire soil 
surface and partial flooding with furrows is illustrated by the 
results shown in Fig. 23. These observations were made in tanks 
similar to those used in the results shown in Figs. 21 and 22. 
The smaller loss shown for the deeper furrows was due to the 
smaller proportion of the surface soil which was wet. These 
tanks were given a 6-in. depth of irrigation, followed by cultiva- 
tion as soon as practicable. The continued rate of evaporation 
during the 28-day period indicates a higher soil-moisture content 
than would occur under field conditions. 
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'I'.VHLK VIII. ICfKKCT ok Cn.TlVVTIUN ON SolI.-M()tSTfltK lOvAI'OIlATION 
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Evaporation from Soils at or below Field Capacity. Kvapo- 
rnlioii friHii tanks where tiic soil imiislmv had lK*en brought 
1(t llie fiehl <‘apneify of th<- soil both uncultivated and with 
different deidhsof imdeh is .shown in Fig. 21, based on ohserva- 



[ t i 1 > I . , , , , , , 

^ ^ w' w 

mrs r/fW r/pf£ ^ /mmAr/tm •* mmmm r im | 

fmm^ f)vm .wMs /rrr^m^/f^ fhocf/m ^ 

Itmn fmm iiuintltiviitwi in tarikw irrinaldni by flooding 

Hiid by fnrrtiW'«, i Jiiti/ftn/ /rtmt. umi firekrUJ*) 


lions in tniikn al Mountain View, (^aliL, in 1921.^'^ For all 
tnailnieniH tlte loss chiritig the first week followinps the irrigation 
\vm ai>pr(mifnate!j onr^-half of the total Iohh f(»r the HO-day period, 
'ilie iin(!ultiva.ted tank waa iinclist.urlKal except to pull any wc^eds 
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Fig. 24. — Evaporation from clay loam soil in tatiks 4 ft. doo]) without plant 
growth following an irrigation to field capacity. ( Vrihun ucrO-) 
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Motsrure in Per Cent of Weight Dry Soil 
Fig. 25. — Moisture distribution in Fui. 2r>. 'Drying out of 

clay loam soil 80 days after irriga- uncropin'd luid uncuItivatiHl 
tion. {Adapted from VeihmeycrA) clay loam soil in 4 years. 

(Adapted from VeikmeperA’^) 
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wliicli started to grow. For the entire period the awerage loss 
from the three depths of cultivation was 1.8 in., which was equal 
numerically to the average loss from the uncultivated tanks. 
No water was added to these soils after the beginning of the 
experiment. These results indicate the amount of loss that 
occurs from bare soils raised to field capacity where the moisture 
evaporated is not replenished. 


Table IX. — Summary of Moisture Content in 4-in. Depths of Soil 
IN Cultivated and Uncultivated Plots 
From experiments in California 




Depth of soil samples, iinihes 

Location, of plots 

Texture 

0 to 

4 to 

8 to 

12 to 

15 to 

of soil 

4 

8 

12 

16 

20 



Moisture, per ciuit liy weight 

Davis : 







Cultivated 

Loam 

6.6 

8.6 

15,7 

15.5 

20. 1 
19.0 

10.1 
10 .0 

18.5 

19.4 

Uncultivated 

Mountain View: 


Cultivated 

Clay loam 
with gravel 







4.0 

0.5 

10.2 

10.3 

10.7 

Uncultivated 


8.9 

0.1 

10,4 

11.0 

10.9 

Delhi: 


Cultivated 

l^lne sand 

1.8 

1 5 

3.9 

3.1 

A 1 

4.1 

4.2 
4. 1 

Uncultivated 

3.3 

Whittier: 




Cultivated 

Clay 

4.1 

11.5 

15. 1 

1 (i *> 

15.0 


1 U . A 

Uncultivated 


4.1 

11,0 

16.2 

1 7 T 



1 1 . *> 

I u , 0 


The distribution of moisture in the tanks at the concluaion of 
the observations shown in Fig. 24 is shown in Fig. 25. This 
shows little drying out of the soil below 18-in. dopi h eitluT wiiJi 
or without mulching. Capillary movement of moisture from the 
lower depths into the dry surface soil was very slow. As the 
soil had an average moisture content of about 20 per cent by 
weight after irrigation 80 days before the soil-moisture samples on 
which Fig. 25 is based were taken, all the moisture evajmrated 
appears to have been taken from the upper soil. 



58 


USE OF IRRIGATION WATER 


In Fig. 26 is shown the extent of drying out in one of the 
unmulched tanks included in the averages shown in Fig. 25 
during an additional period of 4 years. During this time the 
tank was protected from rains but was otherwise exposed to the 
full drying effects of field conditions. This tank lost 0.77-in. 
depth of water in the first week after irrigation, 0.83 in. in the 
next 23-^ months, and 2.04 in. in the next 4 years. These results 
illustrate the slow rate of capillary movement and evaporation 
loss from soils after the surface has become thoroughly dry where 
no replenishment of the moisture lost occurs. 

Differences in soil moisture under field conditions as determined 
by soil sampling 2 months after an irrigation obtained from 
observations on several soils in California are shown in Table 
IX. These experiments were made during the summer when 
no rains occurred during the period of the observations. Usual 
cultivation following irrigation was given to the cultivated plots; 
the uncultivated areas were undisturbed except to remove all 
weed growth. These results show no consistent difference in 
soil moisture under the two practices. On bare soils having no 
weed or other plant growth where soil moisture is not replenished 
and the surface soil becomes dry, little further loss by evaporation 
occurs either with or without cultivation. 

PLAKT TRADiNfSPIRATIOlir 

Many experiments have been made to determine the amount of 
water transpired by plants. The results are usually expressed 
in terms of the pounds of water transpired per pound of plant 
growth produced. The water transpired divided by the crop 
produced is called the ^Transpiration ratiof^ The mature crop, 
dried or cured, is generally used as the measure of growth. For 
forage crops the entire growth above ground is used; for cereals 
separate ratios may be determined for the grain alone and for the 
combined weight of grain and straw. 

The water requirements of irrigated lands cannot be deter- 
mined by multiplying the yield by an estimated transpiration 
ratio. Irrigation consists of supplying water to soils at such 
times as it is needed by crops. The water requirement depends 
on the amount of water used at each irrigation and the number of 
irrigations required. Not all of the water applied can be made 
available for plant transpiration. 
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The main purpose of the moisture absorbed by plant roots is 
to convey to the plant the elements of plant food necessary for its 
growth. In fertile soils more plant food is available and a greater 
yield may be produced with the same moisture supply. The 
type of soil probably affects the transpiration ratio only as it 
affects the available plant food. It may be more difficult to 
maintain soil fertility in coarse or sandy soils subject to leaching 
than in soils of heavier texture. Sandy soils under irrigation 
are generally given greater depths of irrigation than heavy soils. 
Such larger use on sjindy soils is due mainly to the greater losses 
that occur in placing and retaining within reach of the plant roots 
the moisture which is actually used by the plants. 

hixperiments indicate that the rate of transpiration is not 
reduced with a reduction in available soil moisture until the 
wilting percentage is approached. Under dry-farming condi- 
tions, wheat has been found to be able to exhaust nearly all the 
available water without a serious reduction in its rate of use. 
In observations with fruit trees in tanks in California, it was 
found that the transpiration appeared to vary with the atmos- 
pheric evaporating power and the leaf area rather than with 
the. amount of available moisture present in the soil.'® The 
trees appeared able to obtain water from the soil as readily when 
the soil moisture had been reduced almost to the wilting point 
as when the soil was filled with moisture to the field capacity. 
In Nebraska with corn,’” it Wiis found the total transpiration 
could be reduced by reduction in the available soil moisture but 
that the reduction in yield was relatively greater than the reduc- 
tion in transpiration. 

Observations on the daily rale of transpiration of alfalfa in 
tanks show 3, 11, 21, 29, and 36 per cent of the total use per 
cutting used in each onc-fifth of the period of growth. The 
small use after cutting is duo l,o the small amount of leaf area. 
With corn, in experinumts in Nebraska,” the water transpired 
per week was found t.o increase until the maximum leaf area is 
developed. In the next 4 to 5 weeks the rate of use continued 
large and represented one-half of the tot.al use for the season. 
The transpiration then decreased rapidly to the maturity of the 
crop. During t.he lO-day period of maximum transpiration 
annual crops used one-fourth of their total requirement for the 
season and alfalfa one-half of its needs for a single cutting. Dur- 
ing the period of maximum use, the daily transpiration was 
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twelve to sixteen times the dry weight of the crop for small 
grains, six to nine times for millet and corn, and thirty-six to 
fifty-six times for alfalfa. 

The transpiration ratio is subject to the effect of all the various 
factors that affect crop yields. The crop yields per acre usually 
vary more widely than the water used per acre. A small yield 
on infertile soil may transpire nearly as much water as a large 
yield on fertile soil. That crop yields are not directly propor- 
tional to the available moisture supply is evident from the wide 
variation in yield of different fields of the same crop in humid 
localities where all land receives similar amounts of rainfall. 
Hesults of experiments to determine the transpiration ratio show 
a similar wide variation. 

Experiments on transpiration have been made mainly in tanks 
in order to control more closely the measurement of the water 
used. While tanks permit a close measurement of the results, 
care is required to maintain conditions of growth similar to those 
of the same crops under field conditions. The tanks should be 
as large as can be conveniently weighed and the plants should 
have a density of stand similar to field growth. Exposure to 
air circulation, shade, and temperature conditions should be 
representative of those of large areas in the field. It is difficult 
to segregate soil-moisture evaporation from transpiration as 
the loss of weight from tanks includes both of these items. In 
some experiments, efforts have been made to determine the soil 
evaporation separately and deduct it from the combined evapora- 
tion and transpiration. In other experiments an effort has been 
made to reduce or eliminate soil-moisture evaporation by supply- 
ing moisture sufficiently far below the surface of the soil in the 
tanks to prevent capillary rise to the surface or to seal the top 
of the tanks after the plants were of sufficient height so as to 
prevent circulation of air at the soil surface. 

It has been found that the transpiration ratio is affected by the 
size of the tank, becoming smaller as the size of tank increases. 
In experiments with corn by the Nebraska Experiment Station, 
the transpiration ratio was found to vary from 1,180 when pots 
containing 85 lb. of soil were used to 430 for pots containing 950 
lb. of soil. 

Results at Akron, Colo.,^^ where plants were grown in pots 
with the soil surface sealed to prevent evaporation gave general 
transpiration ratios for cereals from 350 to 500, sorghum 275, 
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potatoes and sugar beets 400 to 500, and alfalfa 850 to 1,000. 
Observations in tanks in some humid areas have given results less 
than one-half of some of these values. A crop yield of 1 ton per 
acre with a transpiration ratio of 600 represents a transpiration 
of 5.31-in, depth of water on an acre per ton of yield. In some 
California practice a cutting of alfalfa with an average yield of 
about 1 ton per acre is frequently secured with one irrigation of 
about 6-in. depth. This would represent a transpiration ratio 
of about 700 if it is assumed that all of the water applied is 
transpired. Forage plants are relatively large water users, both 
the transpiration ratio and the total seasonal use being larger 
than for other types of crop. Crops generally considered as 
more resistant to drought, such as sorghum, do not show trans- 
piration ratios much below those of some more sensitive crops. 
Drought resistance is due more largely to the ability to become 
dormant without permanent injury during periods of moisture 
shortage than to the ability to make a more effective use of the 
available water supply. 

That crops may make a more efficient use of moisture under 
field conditions than in tanks is indicated by a comparison of 
results at Davis, Calif., for alfalfa in tanks^^' and in the field- ^ 
Vater was applied to the tanks below the soil surface to avoid 
surface wetting and evaporation. For the first year\s growth 
in the tank, the transpiration ratio was 1,106, and for the second 
year 708. On adjacent fields of the same soil and climaiic con- 
ditions, unirrigated alfalfa produced a pound of crop for each 
495 lb. of rainfall. On land receiving from 12 to 30 in. of irriga- 
tion, the average production was at the rate of 1 Ib. of crop for 
each 585 lb. of total rainfall and irrigation. Even if all moisture 
is assumed to have been used as transpiration in the fields, the 
transpiration ratio is less than that found in the tanka. Field 
use included evaporation and perhaps some deep percolation. 

SUMMARY 

The conditions affecting surface waste, deep percolation, soil- 
moisture evaporation, and transpiration have been discussed 
with illustrations of the amounts of each item under various 
conditions. As all of the water delivered to land is accounf^ed 
for by these four methods of disposal, their usual limits can be 
expressed as a percentage of the total delivery. As the propor- 
tions of the total supply represented by each item vaiy widely 
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with the soil texture and other conditions of practice, only general 
limits can be defined. The following table indicates the general 
variations to be expected : 


Disposal of Irrigation Water Delivered to Land in Percentage op 
THE Total Delivery 


Disposal 

Usual 

miniininn 

General 

average 

Usual 

maximum 

Surface waste 

0 to 3 

s 

10 to 20 

Deep percolation 

5 to 15 

25 to 40 

50 to 65 

Soil-moisture evaporation 

5 to 10 

10 to 15 

15 to 20 

Remaining for transpiration 

70 to 80 

40 to 60 

20 to 35 


On any given area, conditions are not usually favorable to 
either all minimum or all maximum rates of loss. On coarse 
soils for which it is difficult to prevent excessive deep percolation, 
surface waste is easily prevented and soil-moisture evaporation 
is less than average. On heavy soils on steep slopes where waste 
and evaporation may be large, percolation loss may be very 
small. For the best conditions of practice, plants do not secure 
more than two-thirds to three-fourths of the water applied. For 
much practice with unfavorable soil conditions or with careless 
application of water, crops may secure less than one-third of the 
total depth delivered to the land. As a general average, it is 
doubtful if over one-half of the water delivered from irriga- 
tion systems is made available to the crops and is used for 
transpiration. 

While in many localities present average losses are large and 
can be reduced with proper methods of irrigation, the expense of 
their reduction in some cases may exceed the present value of the 
water that would be saved. Where the losses are excessive, 
usually the best crop results are not secured and it will pay to 
improve the methods used and reduce the losses to reasonable 
amounts. 

In addition to the losses of water delivered to the field, there are 
conveyance losses by seepage from the canals carrying the water 
to the land. These losses vary with the si 2 :e and length of the 
canals and the character of the soil and construction used. For 
pumping from wells on the farm, this loss occurs only in the farm 
system and may not exceed 6 per cent of the supply. For canal 
systenis 1ihe conveyance loss varies generally from 10 to 40 per 
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cent of the amount (Uverted. Such c(mvey!inc(‘ Itississ still 
further reduce the proportion of the water Kupiily divc'rtrul tiiat 
is used as transpiration by the crops. 
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CHAPTER IV 


WATER REQUIREMENTS OF IRRIGATED CROPS 

The water requirements of irrigated crops vary widely owing 
to the great diversity of conditions under which irrigation is 
practiced. It is neither practicable nor essential to attempt a 
detailed discussion of the extent to which all such variations in 
local conditions react on the amount of water used. For any 
individual farm or canal system, the actual practice is the result 
of the experience acquired in handling water under the combined 
effect of all local factors. Such experience is an essential element 
in judging the economy of any local practice. However, in 
purchasing new lands, the prospective purchasers need to reach a 
conclusion on the adequacy of the available water supply to 
meet the demands of the lands before suqh local experience is 
available to the purchaser. Similar conclusions in advance of 
actual use are required in making the plans for new irrigation 
systems. Frequently questions regarding the extent of use 
required arise in connection with the determinations of the title 
to the water right and its administration under the systems of 
title to the use of water followed by the western states. 

In this and the following chapter, the factors affecting the use 
of irrigation water, with suflSicient illustrations from practice and 
experiment to indicate the amounts of use under typical condi- 
tions, are discussed. No attempt is made to present a complete 
inventory of use under all of the wide variety of conditions 
encountered in irrigation practice. 

DEFINITIONS 

Different terms are used to express the relationship of the 
amount of water used and the area of land irrigated. One of the 
more common terms is ^Hhe duty of water.” The terms '^ater 
requirements” and water use” are becoming more generally 
used and are the expressions more frequently employed in 
the following discussions. 

The water requirement of any irrigated crop is the amount of 
water required for the production of the crop. In practice, this 
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term is used to define the amount of water applied by irrigation. 
The water requirement in irrigation practice, as the term is 
generally used, does not include the moisture that may be 
obtained from rainfall or by sub-irrigation. The water require- 
ment may be expressed numerically either in terms of the depth 
of water used on the land in a given time period or in terms of the 
area which a given rate of flow will supply. The water require- 
ment may be large, indicating a large use of water, or small, 
indicating the opposite^ Various descriptive terms may be 
used to indicate different classes of practice, such as the ^'eco- 
nomic water requirement’^ where the use represents the most 
economic results from the amount of water used. 

The term duty of water similarly represents the relation 
between the area of land served and the quantity of water used. 
However, the term is somewhat confusing in its applications as. a 
high duty of water represents a small amount of use and a low 
duty represents a large use. The term water requirement is 
free from this confusion and is considered preferable, although 
the term duty of water has been extensively used in past literature 
on irrigation practice and is still generally employed. 

As the water requirement represents a ratio between the water 
used and the lands served, different numerical values are obtained 
dependent on the point at which the water may be measured. 
Where the water is measured at the intake of the canal system 
and represents the gross supply, the term "gross water require- 
ment” is used. Where the water is measured at the delivery to 
the farm and represents the net delivery, after deduction of 
conveyance losses in the . canal system, the term "net water 
requirement” is used. In some cases the water will be measured 
at the head of the laterals, giving an intermediate value of the 
water requirement between the gross and the net use. 

All of these values of the water requirement are needed in the 
planning and operation of canal systems. The gross requirement 
represents the total supply that needs to be secured for any 
system. The net requirement represents the needs for plant 
transpiration, percolation, soil-moisture evaporation, and surface 
waste. Where the water requirement of any of the crops it is 
desired to grow can be fully supplied, the landowner can select 
his crops free from limitations of water supply. Where such a 
supply cannot be furnished, crops will need to be adjusted to the 
supply. 
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The actual water use under any system represents the charac- 
ter of the local practice. This may be either economical or 
wasteful. The correct water requirement for maximum yield 
per acre is the quantity of water which it is necessary to use to 
produce such maximum yields when the losses of water by perco- 
lation, evaporation, and waste have been eliminated to the extent 
that is practicable with skillful methods of irrigation and crop 
practices. The water requirement for maximum economical 
yield from a limited water supply is that quantity of water which 
will give the maximum total net returns from the available water 
supply and is dependent on the value of the water and the land, 
the cost of irrigating and producing the crop, and the value of the 
crop. The net water use merely represents the amount of water 
which is used under the local conditions of water supply and 
judgment and skill in applying water. Where water is cheap and 
abundant throughout the irrigation season, the actual use will 
often exceed the water requirement for economic practice, as the 
conditions do not require care in the handling of water. For 
the more usual conditions of the arid regions where water is 
scarce and valuable, the actual use tends to approach the correct 
water requirement for maximum economic yield. Closer 
approach toward such economic yields takes place gradually at 
such rate as cost conditions relating to the crop production may 
justify. However, in common with other economic matters, 
actual improvements in practice tend to lag somewhat behind the 
time when their use would be profitable. 

UMTS OF MEASUREMENT OF WATER 

In order to express the water requirements in numerical terms, 
a knowledge of the units of measurement of irrigation water is 
necessary. The units of measurement may be divided into two 
classes: first, those expressing a definite volume of water and 
generally used to state quantities of water at rest and, second, 
those expressing a rate of flow or discharge. 

The more usual units of volume employed in irrigation are the 
gallon, the cubic foot, the acre-inch, and the acre-foot. The 
gallon and cubic foot are suited to use for small volumes of water 
but are seldom convenient for use in irrigation. The larger unit, 
the acre-foot, is used with large volumes of water, such as for the 
capacity of storage reservoirs. It is also used to express the water 
use in terms of the depth of water on the land in the form of 
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acre-feet per acre. An acre-foot represents a volume of water 
equivalent to a depth of 1 ft. on an area of 1 acre and is equal to 
43;560 cu. ft. The acre-inch is equal to ^2 acre-foot or 1-in. 
depth of water on an area of 1 acre. 

The units of rate of flow commonly used in irrigation are the 
cubic foot per second and the miner’s inch. The former term is 
more generally used for larger rates of flow and the latter for the 
smaller. 

Cubic Feet per Second. — The cubic foot per second, commonly 
abbreviated to second-foot and in India to cu-sec, is a I'ate of flow 
which produces a cubic foot of water each second. It is a volume 
of 1 cu. ft. of water moving at a velocity of 1 lineal foot per 
second; for instance, a flume 12 in. wide carrying a depth of 
water of 12 in., and placed on such a grade as to give a velocity to 
the water of 1 lineal foot each second, produces a flow of 1 cu. 
ft. per second. In any case the cross-sectional area of the water 
channel in square feet multiplied by the average velocity in feet 
per second will give the discharge in cubic feet per second. 

Miner’s Inch. — The miner’s inch is the quantity of water 
which discharges freely into the air through each square inch of 
opening when the water stands at a prescribed constant height 
above the center of the opening. The number of miner’s inches 
is equal to the area of the opening in square inches. For dis- 
charge without submergence the discharge through each square 
inch of opening is controlled by the height of the water level above 
the center of the opening, but it is also affected by the shape of 
the orifice and other elements which influence the flow of water 
through orifices. The term is generally associated with a certain 
method of measuring water, and unless the same method is used 
variable results may be obtained. 

The miner’s inch method of measurement was developed in the 
early mining days of the west to meet the need for a device that 
would enable the quantity of water flowing to be determined 
from lineal dimensions alone. Discharge through orifices varies 
as the square root of the head or pressure of the water on the 
opening. To avoid extracting the square root of the head on 
orifices in order to determine the discharge, the head was made 
constant and the flow through 1 sq. in. of opening was made the 
unit of measurement. The standardized head varied in different 
areas and the legal value of the miner’s inch now varies in differ- 
ent states. In Arizona, Montana, and Oregon the legal value is 
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}iQ sec.-ft. which is obtained with 6-in. pressure on the center of 
the opening. In Idaho, Nebraska, Nevada, New Mexico, North 
and South Dakota, and Utah the legal value is 3:^0 sec.-ft. 
which is obtained wiik a 4-in, pressure. While the method of 
measurement and dimensions of the structure were prescribed 
in the earlier statutes of some of the states, tlu'. more usual present 
definition is in terms of the number of miner’s inches equaling 
1 sec.-ft. which in effect makes the second-foot the legal unit of 
measurement. In California the legal value is based on 6-in. 
pressure, but the more usual practice uses a l-in. pressure. In 
Colorado the method prescribed gives values varying from 35 to 
43 miner’s inches to tlie sccorid-fooL for different conditions of 
use, with a commonly accepted equivalent of 38.4. In British 
Columbia 35.7 miner’s inches equal 1 sec.-ft. 

Although the miner’s inch unit is open to variations in its 
value and is sometimes confused with the cross-sectional area in 
square inches of flow in channels, flumes, and pipes, it has the 
advantage that the flow, being directly proport ional to the cross- 
sectional area of the orifice, is more readily understood by the 
users than the term “second-feet.” It is also a more con- 
venient sizie of unit for smaller flows involving fractional values 
if expressed in second-feet. It is in coinmon usage where the 
streams handled are less than 2 or 3 sec.-ft., alt hough the methods 
of measurement now used may have no rehit.ion to the old forms 
of miner’s inch box. 

Another unit sometimes used is the irrigation stream or head 
of water. This refers to the usual rate of flow delivered under a 
given canal system and is not a unit of mciisuremcmt, as the size 
of stream varies With the method of applying wat^er to the land 
and other elements of local practice. The size of head delivered 
may vary from a few miner’s inches or a fraction of a cubic foot 
per second with furrow irrigation to 15 or 20 sec.-ft. under 
flooding in checks as practiced in parts of California and Arizona. 

METHODS OE EXPRESSING WATER REQUIREMENTS 

Water requirements may be expressed in two ways: 

1. In number of acres irrigated by a flow of water, usually 
1 sec.-ft. or 1 miner’s inch, for a stated period of time during the 
irrigation season. 
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2. In number of acre-feet or acre-inches per acre, which is 
equivalent to stating the depth of water applied on the land in 
feet or in inches. 

In the first form of expression the time must be specified in 
order to define a given volume of water. In general, it is not a 
constant value throughout the irrigation season but varies with 
the needs of the crops and demands on the water supply. It is 
the form of expression best adapted when the volume of water is 
stated as a rate of flow, such as when considering the discharge 
or carrying capacity of canals. 

The second form of expression avoids any misunderstanding 
regarding the volume of water applied. One form of exi>ression 
can be easily converted into the other if the time during which 
the rate of flow continues is known. 


RELATION BETWEEN UNITS OF MEASUREMENT OF RATE OF 
FLOW AND UNITS OF MEASUREMENT OF VOLUMB 

The cubic foot per second or second-foot and the miner\s inch 
indicate onl}^ a rate of flow, and to specify a fixed volume of 
water it is necessary to state the time or duration of flow. For 
instance, a continuous flow of 1 cu. ft. per second will give in 
one 24-hr. day as many cubic feet as there are seconds in diat 
time or 86,400 cu. ft., which is equal to 1.988 acre-feet. For 
practical purposes it is sufficiently accurate to assume tJiat a 
flow of 1 cu. ft. per second will produce 2 acre-feet of water in 
24 hr., or 1 acre-inch per hour. To convert measurement from 
one unit into another, the following equivalents are useful : 

1 cu. ft. = 7.50 gal. (7.48). 

1 acre-foot = 43,560 cu. ft. = 325,850 gal. 

1 sec.-ft. = 7.50 gal. per second = 450 gal. per minute, 

1 sec.-ft. in 24 hr. gives nearly 2 acre-feet- (1.983). 

1 sec.-ft. in 1 hr, gives nearly 1 acre-inch. 

1 sec.-ft. is equivalent to 40 miner’s indies controllecl by a 
6-in. pressure head. 

1 sec.-ft. is equivalent to 50 miner’s inches controlled by a 
4-m. pressure head. 

When 1 miner’s inch is equivalent to sec.-ft., it will give 
11.25 gal per minute, or nearly Ko acrc-inch, in 24 hr., or 17.37 
acre-inches in a month of 30 days. 
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When 1 miner’s inch is equivalent to sec. -ft., it will give 
9 gal per minute, or nearly ^ acre-inch in 24 hr. (‘^’^100)^ or 14 
acre-inches in a month of 30 days. 

PRINCIPAL FACTORS AFFECTING GROSS AND NET WATER 
REQUIREMENTS 

The gross water requirenieril is dependent on the net require- 
ment and on the conveyance losses. Among the factors which 
affect the net requirement are 

1. The kind and diversification of crops. Some crops require 
more water than otliers; use for a-lfalfa, exceeds that for deciduous 
orchards and full-bearing orcluirds exceed the use for young trees. 
The growing of a, singles kind of crop usually results in a com- 
paratively short period of maximum dema,nd with a large require- 
ment during this period. The growing of a variety of crops 
which have different re(|uirenients and periods of maximum use 
will result in a more uniform demand. As the crops first grown 
are frequently mainly forage tyi^es, later diversity of crops 
usually results in a smaller average use per acre. 

2. The preparation of the land, method of application of the 
water, and skill of the irrigator. Poor preparation of the land 
causes excess applicat ion on the low aretis and uneven distribu- 
tion. Irrigation through furrows of excessive length or by flood- 
ing over too great a distance with small heads causes excessive 
deep percolation a-t the upper ends of the runs. Rotation in 
delivery with the use of larger irrigating heads for short periods 
of time usually decreaiSCvS the losses and the amounts used. 
(Careless handling of water will often result in an accumula- 
tion of excess water and Wiistc at the lower ends of fields or 
furrows. Care in division of water to furrows is required 
to secure even distrilnition. Deep furrows expose less soil and 
water to evaporation. 

3. The time and frequency of cultivtii ion. (hiltivat.ion reduces 
loss of moisture through weeds and evaporation from the soil 
where the ground water is within capillary reach of the ground 
surface. 

4. The length of time irrigation has been practiced. The 
first leveling of land in new projects is not so well adapted to 
local conditions or bo carefully done as the later releveling in 
crop rotations where local experience has become available. The 
rise of the ground water which usually results from irrigation 
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may enable some lands to secure at least part of their siipi Jy from 
sub-irrigation. Such rise may also waterlog and render 
unproductive part of the area. In the earlier years of opei*ation, 
the water supply is usually ample for the smaller area irrigated 
and deliveries may be more liberal than can be maintained when 
the full area comes into use. 

5. Climatic factors. Precipitation, temperature, humidity, 
and wind movement all have some effect. The amount and 
distribution of rainfall are important. Ilainfall or snow during 
the winter may be retained in the soil up to its fiekbmoisture 
capacity and be available to deep-rooted crops during i-he growing 
season, thus decreasing the amount of irrigation required. Light 
rains in the summer do not enable irriga-tion to be reduced. 
Transpiration and soil-moisture evaporation are increased by high 
temperature, wind movement, and low humidity. 

6. Length of the growing season. Where the growing season 
is long, the amount of irrigation required is larger than for a short 
growing season. The rate of use, however, is not directly pro- 
portional to the length of growing season as, even in areas where 
crops may be grown throughout the year, much of the land will 
not be in continuous use during the full year. 

7. Character of the soil and subsoil. A coarse-texiured soil is 
difficult to handle without large percolation losses. Hardpan or 
other impervious soil strata may reduce (die wat er used on coarse 
soils, if such heavier subsoils occur a,t a doptli of 4 to 6 ft., owing 
to reduction in percolation. Similar st rata ma,y increase the use 
if they occur so close to the surface that tlie shallow depth of soil 
increases the frequency of irrigation rcc|uirod. While coarse soils 
may require the use of larger amounts of waiter in order to meet 
losses, actual moisture consumption by crops is not materially 
different for similar yields on heavy and coarse soils. 

8. The value of the water and method (ff payment, A high 
cost of water tends to result in a tnorc econonucal use. I\>r many 
systems the charge for water is a uniform rate per acre for any 
amount of use up to the maximum which the system will supply. 
For such a basis of charges, it is a human terukmey to use all the 
water obtainable. Where the charge is based on the amount of 
wacer used, there is an incentive toward more careful use. Where 
additional water costs less than the additional labor or ot.her costs 
required to reduce the amount of water used, charges based on the 
amount of water used do not materially affect the irrigation prac- 
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tice. Many early court decrees granted rights to the use of water 
in excess of actual needs. Under such systems, excessive use 
frequently occurred with resulting injury to the lands due to the 
resulting waterlogging and alkali injury. Present practice in the 
determination, of beneficial use in water-right adjudications is 
based much more nearly on the actual needs of 1.hc lands served. 

RELATION BETWEEN AMOUNT OF WATER USED AND RESULTING 

YIELD 

In irrigated areas it is generally found that the yield increases 
with an increase in the amount of water applied for the smaller to 
moderate amounts of irrigation and that further increase in the 
water used results in a reduced rate of crop increase and in an 
actual decrease in yield if the use is carried to excess. The 
amount of water resulting in maximum yield varies with the crop 
and other factors. Some crops are more sensitive to excess use 
and show a more rapid reduction in yield with such use. 

In areas where the precipitation is insufficient for any crop pro- 
duction without irrigation, the yield curve rises more rapidly with 
the amount of irrigation than in areas where irrigation is supple- 
mental to the rainfall. Similar amounts of maximum yields 
would be secured in arid and semi-arid areas in which other factors 
are comparable. 

The most profitable yield is usually somewhat less than the 
maximum as the values of the last increments of yield are not 
equal to the cost of securing them. The most profitable use is not 
a fixed amount for any crop and locality, as it varies with the 
fluctuations in cost of production and the price of the crop. In 
much practice the most profitable amount of irrigation is repre- 
sented by an amount of use equal to two-thirds to three-fourths of 
that producing maximum yields. 

EXPERIMENTAL METHODS 

The relation between the amount of water used and the result- 
ing yield is not fixed. A given amount of irrigation may produce 
widely varying yields when applied to soils of variable fertility. 
For the same soil the yield does not vary directly with the amount 
of water applied. Excessive use of water may result in decreased 
yields. 

Many experiments have been made to determine the effect of 
varying the amount of water used on the resulting yields. Repre- 
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sentative results for different crops are presented later in this 
chapter. In order to secure dependable results, such experiments 
should be made under conditions where all other factors except 
the water used are uniform. This is difficult to secure under 
general field conditions, so that many exp('riment.s have Ixicn 
made on small areas under more close control or even in tank.s 
under I'elatively complete control. AA hile such control has 
advantages from the e.xperiinenfal point of view, it. raises ques- 
tions regarding the iuterprei.ation ot the results in ttirins <jf fi(dd 
practice that may more than balance thcuixpcrimental advantages. 

Experiments on the effect of irrigation on th(‘ yi<‘ld of crops 
usually consist of trials with different, amounts of irrigat ion cover- 
ing a range from inadequate moist urc supply to an <i.xc(!Hsive use in 
order that the most desirable use may be determined frotn all the 
results obtained. Considerable variation in the restdfsof individ- 
ual observations are to be expectcal in such work, 'rhia i.s 
usually recognized and the cxi)eriments conducted in multiples. 
It is also recognized that the variations in climatic factors will 
affect the results and the observations are usually conducf.c<l over 
a series of years in order that t he period may inchulc an nv<‘rage of 
the climatic conditions. 

In order to avoid soil variations and still permit, (mough sepa- 
rate areas for the number of observations desinal, many exjKui- 
ments have been made on plats of from to I acr<! in area. 
This gives advantages in control as wa,ter may be mon; evenly 
spread over such small are;us than is praclical»le under gcmeral 
field conditions. Other ol>servations have l)een coiuluct.(al on 
selected fields of farms where 3 to 10 a.cres may lai used in each 
test. Such work has the advantage of Ixnng conducted under 
conditions similar to those confronting the usual irrigator hut hsis 
the disadvantage of the greater variat ion in the stand of (lui crop 
and the soil. The results of such work, while more convincing 
to the landowners, generally show wider variat ions in the ndation- 
ship of yield to the amount, of water us<m1 and a larger numlH'r of 
observations are needed t.o derive dependabk* conehisions. 

Nearly all experiments on the use of water have Ixaui made on 
lands, having the water table at a sufflcUmt dejfih so that, suh- 
irrigation does not occur. Such anxis have In'en s<decf tal so as to 
avoid the complica(ioi,is that would l»e causerl by the wattsr 
obtained by the crops from the ground water, as the amount of 
such use cannot be measured under field condit ions. The amount 
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of surface application required on well-drained lands is larger 
than is needed on lands having ground water within 6 ft. of the 
ground surface. Consequently the results of experiments on 
well-drained land indicate the need of larger average amounts of 
use thtin would be needed on systems where much of the land 
receives part of its supply by sub-irrigation or for areas having 
smaller average yields. As it is a usual experience for the water 
table to rise following irrigation under much of the land irrigated, 
such sub-irriga,tion may reduce the amount of water needed for 
the system below that indicated from experiments on well-drained 
areas. 


FORAGE CROPS 

Irrigated forage crops include alfalfa, clover, timothy, and 
various native grasses. Alfalfa is the most extensively grown 
irrigated forage crop in the United States. Forage may be cut 
for hay, pastured, or used for seed production. 

With forage crops, practically all of the aboveground portions 
of the plant are included in the commercial yield. Differences in 
quality of yield due to differences in cultural practice are less 
marked than with many other crops. Consequently forage-crop 
practice is directed mainly toward securing maximum growth of 
the plants and the amount of water used is larger than for other 
types of usual crops. Forage crops are also less sensitive to either 
overuse or drought than many other crops. 

Alfalfa is deep-rooted, grasses are generally shallow-rooted. 
While the total depth of irrigation per season under similar soil 
and climatic conditions is generally similar for alfalfa and the 
grasses, the shallow-rooted types of forage crops require more 
frequent and lighter individual irrigations. 

As alfalfa is the most extensive and the most carefully handled 
of the forage crops, there is a larger amount of experimental data 
available regarding its irrigation than for the other types. 

ALFALFA 

Alfalfa is grown throughout the irrigated areas in the United 
States, In the southwest, growth may continue during all 
months of the year and six to eight cuttings may be obtained. 
In northern areas or at the higher altitudes, the shorter growing 
season may result in only two or three cuttings being secured. 
In localities where only two cuttings can be obtained, the short- 
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ness of the season also limits the choice of other crops that may be 
grown. In three-crop areas, the third crop has a smaller yield 
and may be pastured rather than cut for hay. In the areas of 
shorter season, clover, timothy, and native grasses tend to replace 
alfalfa for forage crops. 

The stage of growth at which alfalfa may be cut varies with 
chmatic conditions. In long-season areas the crop is usually 
cut when about one-tenth in bloom; in short-season areas where 
an added cutting cannot be secured by early cutting, much 
alfalfa reaches full bloom. Yield on good stands wit h early 
cuttings may average 1 to lH tons per acre per crop; for crops 
cut when more fully in bloom the average may be 1 > 2 to 2 tons per 
cutting. Average yields for large areas where fields of all condi- 
tions are included are less than these amounts. In areas where 
temperature conditions permit growth throughout the ycair, it is 
usual to suspend irrigation during part of the hot.tei- summer 
months; such resting results in loirger life for the stand before 
reseeding is needed. 

The need for irrigation is shown by alfalfa by a darkening of 
the green color of the growth. This change is readily discK'rnible 
in a field where portions are becoming dry. h’urther drying 
results in permanent wilting from which the growing crop tnay not 
recover. Such temporary moisture deficiency doc's not. de.stroy 
the root system. Renewal of the inoi.slure supply aft('r an 
essential shortage starts the growth of t.he shoots for the next 
crop rather than reviving the wilted growth, growth of 

alfalfa which has reached the dark-grecui sl.age is not alTecIfal if 
irrigation is applied before wilting occurs. 

In planting alfalfa, irrigation should be applied befoni Htuuling 
unless the soil contains sufficient moisture for gernunalion and 
initial growth. The soil moisture at the time of s(^(!ding should 
carry the crop on all except the coarser soils until it is 4 to (i in. 
high and can be irrigated without injury, donrsc^ soils or tho.se 
that blow will require more frequent, early irrigations. It, has 
been thought that too frequent e.arly irrigat.ions nssult in less 
depth of root growth but experimental data lend little support, to 
this view. If weed growth interferes with the young alfalfa 
clipping 4 in. high will not injure the crop. 

Seeding in the spring is iiKSual. In ordew l,o avoid lo.ss of ret urn 
uring the first year, nurse crops of grain are usial in sonx* areas, 
ihe grain matures early enough to avoid injury to the alfalfa. 
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In areas of longer growing seasons some alfa lfa i)r(>(luct,ion may be 
secured during tiie first s(‘nson ami nurse ci-ops arc not usual. 
Fall seeding after reinovid of an annual crop may be used in 
areas having mild winhu-s. 

Where a seed crop is grown, irrigation shouhl he restricted in 
order to obtain a good setting of sf'cd. in nn'as producing three 
crops of hay, the first or second crop may he kdt, for seed. For 
seed crops the water reciuiKmamti is uhont onc-hnlf that required 
for hay production. 

Alfalfa used for pasture rerpiires a. similar aimnmt of irrigation 
per season to that, u.sed for hay. Pasturing alfalfa tends to 
shorten the life of the stand, pa,rticularly if it is pastured while 
wet. Many alfalfa fudds when; the stand has liecome thin and 
the hay yield has dcadined are pastured for one or more years 
before reseeding. Pastures an^ usually irrigated at from 7- 
to 14-day periods owing to the shallow roofs of th(^ grasses which 
come in with the alfalfa wlam pusfure<l; tlu' iiidividual irrigations 
should be lighter than for the less fnapient irrigations used where 
the crop is cut. for hay. 

Total Use per Season. Unless waterlogging, alkali, or other 
directly injurious condit ions an* pre.seni, alfalfa is not so suscepti- 
ble to injury by exceHsiv(* use of waf<'r as other types of crops. 
For the earlier years after plnnling, yit'lds may tend to increase 
with increased amounts of irrigation. 'Plu* rate of such increase 
in yield with increase in use is geiu'rally small and the continua- 
tion of such large use usually rt'sulfs ii» a shorter i)eriod of well- 
maintained yield than for more moderate* amounts of use. 

Results of ex|M)riment,s on thee effect of variations in the total 
amount of use iKWseiason on the yhsld are available from a number 
of stat,eB. Typical results are shown in the following tiables and 
diagrams. Except where noted, th<*ae extx*rim«*nts were all 
conducted on field plats of 1 (.«h t,han 1 acre in area where the 
water was evenly distributed. HurfaciP. waste was prevented 
or has been deducted from the amounts of use shown. The 
water used includes the soil-moist im? evaporation and such deep 
percolation as may have occurred, jis well as t ho transpiration by 
the crops. In all cases ground wtiler was at. too grtuit a depth to 
be a factor in the moisture supply of t he crop. 'Phe u.se of water 
shown represents the irrigation use alone unless otherwise stated. 

Figure 27 gives the results of m'veral seriiis of exiwrimcnts on 
the relationship of the total amount of irrigation and the resulting 
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factors than the total seasonal amount of irrigation. The average 
annual rainfall at Logan of 16.2 in. is not included in the use of 
water shown but accounts for the yields obtained with no 
irrigation. 

Curve 3 represents results in New Mexico^* on a sandy loam soil. 
These experiments were not extended to the point of reduced 
yields. The average rainfall of 4.4 in. from April to September 



Fkl 28. -C^urvoa abowing the oiToct of difforoiit quantitioa of irrigation water 
on the yi(il<l of alfalfa hay. (Pittman and Stewart.'^) Each line represents a 
aingle comparable Hories, all results in each series being obtained in a single 
season. DilTeront plat series for the same year, or the same plat scries in another 
year, are reviresiuited l>y separate <iurvos. The heavy curves in the upper left 
corner of the chart W(*rc obtained from similar applications of water on a different 
field which for 20 years had lieen heavily manured. 


for the 4 years covered by the observations is not included in the 
water used. Curve 4 represents 4 years’ results at Gooding, 
Idaho, ^ on medium clay loam soils. 

Curve 5 gives the results of 3 years’ records on sandy land with 
heavier subsoil at 5 to 6 ft. at Delhi, Calif.® Curve 6 gives similar 
results for 6 years’ work on fine sandy loam soils at Davis, Calif.* 
The mean anmial rainfall during these experiments of 11.7 in. at 
Delhi and 17 in. at Davis, occurring in the winter and early 
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spring months, is not included in the water used but is the cause 
of the amount of yield shown for no irrigation. At Davis the 
first one or two cuttings of the season may not require irrigation. 

Curve 7 represents results for one yearns results on small plat s 
at Higley, Ariz./ on sandy loam soils. Large use of water for 
high yields is shown. The greater use for similar yields as shown 
by Curve 7 than those by Curves 5 and 6 is due to t he longer and 
warmer season and the smaller rainfall at Higiey as compared 
with Delhi and Davis. 

Figure 27 shows the generally smaller yields in areas of shorter 
season. In general, yields increase with the amount, of water 
used up to a point where additional irrigation becomes harmful 
and the yield is reduced. The amount of use reciuircal for 
economical or for maximum yield varies with the soil and clinuitic 
factors. 

Results of experiments at the Utah Agricultural lOxperiment. 
Station^ covering different series of observations are shown in Fig. 
28. While these results illustrate clearly the wide variations that, 
may occur in the amount of the yield, the individual seri(vs show in 
general a similar type of variation in yield with different amounts 
of irrigation. For the conditions of these experiments tlie yield 
increases slowly with an increase in the water used up t.o a,mount.H 
of use of 20- to 30-in. depth per season. Lai’ger amounts of use 
caused little increase in yield. 

In Table X are shown some details of the re^sults obtained a.t» 
Davis, Calif. which are plotted in Curve 6 of F'ig. 27. 

Table X. — Summary of Alfalfa Expeeimentb ay Davih, (•alif., 

1010-1915 


Number 
of irriga- 
‘tions 

Depth per 
irrigation, 
inches 

Total depth 
of irrigation 
per season, 
inches 

Averages 
yield per 
season, 
tons per 
a(5re 

Avenig<^ 
valu(^ of 
crop p(‘r 

acre 

Av(wag(‘ 
cost of 
pnxlue- 
t.ion per 
acre. 

Av<Tago 

rtet 

ndnm 
p(*r {U?ro 

None 



3.88 

$ 27.:16 

$ 8.73 

$ 18.43 

2 

6 

12 

5.63 

30.41 

15.37 

24.04 

3 

6 

18 

6.80 

47.60 

19.35 

28. 25 

4 

6 

24 

7.92 

55.44 

23.22 

32,22 

4 

7 M 

30 

8.98 

62.86 

26.45 

i 36.41 

4 

9 

36 

9.27 

04.89 

27.96 

36.93 

4 

12 

48 

9.02 

63.14 

29,10 

34.04 

4 

15 

60 

8.42 

58.94 

29.44 

29. 50 
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The annual precipitation for the 6-year period averaged 17.0 in.,. 

3 years being below normal and 3 above. The average market 
value of alfalfa in the stack for this period was $7 per ton. The 
labor cost of production was $2.25 per ton, the cost of water $1.70 
per acre-foot, and the labor cost per acre per irrigation $0.50. 
Six cuttings were obtained. No fixed charges are included in the 
cost of production shown. The average net returns shown in the 
last column represent the amounts available to meet fixed charges 
and profits. 

At the end of the experiment it was found that the best stands 
were on the areas receiving 30-in. depth of irrigation per season, 
the alfalfa receiving the largest amounts of water being largely 
replaced by grass and that receiving limited amounts of water also 
showing much thinning out. It was concluded that, for the 
conditions of these experiments, a use of 30-in. depth of irrigation 
represented the most economical practice. From similar experi- 
ments at Delhi, Calif., ^ in the San Joaquin Valley, it was 
concluded that 36-in. depth represented economical use there, the 
increase in recommended depth of irrigation at Delhi over that at 
Davis being about equal to the difference in mean annual rainfall. 

These results at Davis and Delhi are applicable to lands where 
ground water is too deep to affect irrigation use. In adjacent 
areas under the Turlock and the Modesto Irrigation Districts 
good yields have been obtained on lands having ground water at 
depths of about 5 ft. with depths of irrigation of 2 ft. per season. 

Results of measurements on 42 farms having an average area of 
52 acres extending over three seasons in the Salt River Valley, 
Ari^:.,^ are shown in Fig. 29. The average curve shown does not 
differ materially from Curve 7 of Fig. 27, which represents small 
plats under the same soil and climatic conditions. The individual 
results shown in Fig. 29 vary more widely than those obtained on 
small plats. Such larger variations are due to the less complete 
control of the crop and water conditions on the larger areas. 
The point of decrease in yield with increase in use had not been 
reached for the amounts of use shown in Fig. 29. 

Number and Frequency of Irrigations. — The details of the 
distribution of the individual applications of water on alfalfa vary 
with the soil conditions and the crop practice followed. As long 
as the soil moisture does not reach the wilting percentage, the fre- 
quency and amount of each irrigation have less effect on the yield 
than for most other types of crop. 
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As alfalfa is deep-rooted, it is able to utilize nearly the full 
moisture-storage capacity of the soil to depths of 6 to 8 ft. with 
some use to greater depths. As shown in Chap. II, the larger 
part of the feeding roots are in the upper 4 ft. of soil. The crop 
will usually indicate the need for irrigation if the upper 4 or 5 ft. 
of soil becomes dry, even though there may be some moisture 
available at lower depths. The deeper roots do not secure such 
deeper moisture at a sufficiently rapid rate to meet the crop needs. 



Fig. 29. — Results of moasuromonts of the water used and the yield of alfalfa on 
42 farms in tlio Salt River Valley, Arizona. {MarrJ) 

For alfalfa cut in early bloom, one irrigation per cutdng may be 
sufficient on deep soils of medium texture. For coarse soils or for 
medium soils of shallow depth two or three irrigjttious per cutting 
may be required. For soils of heavy texture, where only small 
depths of penetration can be secured at each irrigation, two or 
three irrigations per cutting may also be required. These con- 
clusions are illustrated by the following experiments. 

Measurements with constant seasonal depth but with varying 
numbers and depths of irrigiifion have been made in California 
covering a wider range of practice than is usual in this type of 
experiment. At Davis® seasonal depths of 30 in. were applied in 
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from 2 to 12 irrigatJoius. The noil is a loam to a depth of 18 to 
20 ft., having a good moisture holding ca|)a.city. (Iroimd water 
was at depths of 14 ft. or more. 4'he rainfall occurring during 
the winter and spring is sufficient to m(a4 tlie itioistiire needs of 
the first one or two cuttings of (he season. 4'lir(‘e or four repeti- 
tions of each depth of irrigation W(n*e us(h1 for 8 years on plots 
about acre in area,. All plots gavn^ good a.V('ra,g(^ yields. The 
lowest yield resulted from four irrigations applied once per 
(jutting after tluj first cutiing. The dilTerenees in yield were not 
large as shown in Table XL 

Tahms XL -“EffI'Xu of Yauiationh in Iuhioation on Yifli) of Alfalfa 
AT Davis, Calif.*' 


Nuinhi^r of 

D<*pd» of cat'll 

Av(*rag(' yi(‘Id, 

irrigntions 

irrigjition, in(*h(*.s 

tons p<*r in* re 

o 

15. 

S.21 

3 

10. 

S.41 

4 

7.5 

7.57 

() 

5. 

H.72 

S 

3.75 

S.79 

12 

2.5 

0.42 


The effect of varying numbers of irrigat ions is shown l)y results 
obtained on medium-heavy soils at tlie Gooding lOxperiment 
Statiorf in Idaho in 1911 to 1913. The soil-moisture sa-mples 
were taken to a depth of (> ft. Thn^e cro|)ft were grown. It was 
concluded t hat, it was economical to apply three irrigat ions each to 
th(J first and second crops and one or two to the third crop with a 


Tablf XIL— Effecjt of Vakiationh in Tiuucation on '!i’iei.i) of Alfalfa 

AT OoODINO, laAllo’^ 


Nmnher of 
irrigations 

Total aenvfiMd, 
p(^r aero aiipUinl 

Yitdd, tons [jer 
a(T<^ 

1 

( 4mng<‘ in soil 
inointure during 
si'ason, p(‘r eent 
hy weight 

S 

! 

1,19 ^ 

. 3.78 ^ 

*-^3.8 

4 1 

1.50 

4.42 

-‘3.5 

6 

1.95 

5.81 

-‘2.0 

7 

2.01 

5.60 

4-3.4 

10 

2.99 

6.00 

4*3.5 

11 

3.78 

6.80 

+0.8 
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total seasonal use of 2.75 aci^e-feet per acre. Heavier applica- 
tions increased the soil moisture over that at the beginning of the 
season, indicating that such use did not deplete the moisture at 
the end of the season. 

Experiments in Washington^ for 4 years on medium soils gave 
average yields of 5.37 tons with 14-day frequency of irrigat.ion, 
5.61 tons with 21-day, 5.30 tons with 30-day, and 4.50 tons with 
42-day frequency. Thirty-day frequency with 7-iu. depth per 
irrigation was recommended. 

On a heavy clay loam soil in California, in whi(;h botli roots 
and moisture penetrated to only about 2-f t. deptli in t he soil, (bin. 
depth of water applied per cut ting gave yields of 4.29 tons per 
acre when applied in one 6-in. irrigation, 4.42 tons when applied 
in two 3-in. irrigations, and 5.07 tons when applied in three 2-in. 
irrigations. 

On the sandy soils 4 to 5 ft, in depth on the Umatilla l^xperi- 
ment Station’ ^ the following results were secured wit h 4-in. depths 
of individual irrigations. 


F('ri()(l betwcH'H 
irrigiitions, w(m4v8 

of irriga- 
tion, iun-e-pHUi p(»r 

I Yi<hi 

tons 

a<irc p(T s<‘ast>n 

1 

(5.79 

C.Ol 

2 

4.00 

5.55 

3 

3.00 

4 . 00 


It was concluded that the gain in yield from irrigations at 
weekly intervals did not pay for the added cost and tiiat the 2 
weeks’ period represented the best practice. 

Practice regarding irrigation just before or just after cutting 
varies with local factors. As long as the soil is not allowcnl to 
become too dry, experiments show no essent ial difference in tlie 
yields. The advantages claimed for irrigation before cutting are 
the smaller evaporation due to shading by tlie crop and tla^ favor- 
able moisture condition for st-arting t.he next crop. The disa<l- 
vantages arc the slower curing of the hay on moist, ground and the 
greater difficulty in distributing waiter. Irrigiition after cutting 
permits a freer flow over the surface. On steep lands tending to 
erode or on sandy soils which dry quickly and may have insuffi- 
cient moisture to st.art the new crop, irrigation before cutting is 
generally preferable. For lands where difficulty may exist in 
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getting the flow over the ground or for heavy soils which dry 
slowly, irrigation after cutting may be preferable. Irrigation 
after cutting is also usually preferable where the water contains 
much silt. 

Summary. — The amount of water needed for the irrigation of 
alfalfa varies with the soil texture, climatic conditions, and depth 
to ground water. In areas where two or three cuttings are 
obtained, a use on medium soils of 2 to 3 acre-feet per acre repre- 
sents usual practice. For the longer growing seasons of the 
southwest, 3 to 4.5 acre-feet per acre may be needed for medium 
soils where the rainfall is insufficient to be a material factor in 
the water supply. In similar long-season areas where winter 
rainfall may fill the soil-moisture capacity sufficiently to be of 
direct use to the spring and early summer crops, 2.5 to 3 acre- 
feet per acre on medium soils is representative of usual practice. 
Such rates of use include deep percolation and surface waste as 
well as transpiration and soil-moisture evaporation. Use of the 
larger amounts stated will generally result in waterlogging of some 
of the area served. 

Soils of heavy texture require more frequent irrigations with 
smaller depths at each application. The total seasonal use for 
such soils is similar to the smaller figures stated for medium soils, 
For coarse-textured porous soils the use may be 1)4 to 2 times as 
large as that on medium soils. Such excess use represents losses 
by percolation rather than additional plant transpiration. 

Where ground water is within reach of the crop roots, the 
amount of surface irrigation can be reduced by the amount of 
sub-irrigation secured. Conditions are seldom favorable for 
complete sub-irrigation and some surface use is generally required. 
The injury from waterlogging and alkali resulting from efforts to 
sub-irrigate has exceeded the benefiits from reduced irrigation in 
nearly all areas where such sub-irrigation has been attempted 

CEREALS 

Wheat, Oats, and Barley. — The commercial return from these 
crops is dependent on the yield of grain, the value of the straw 
being relatively small. When grain hay is grown, it is seldom 
irrigated. Irrigation practice for these cereals is directed toward 
a maximum yield of grain. 

The yield of cereals is dependent on the stand of the crop, the 
size of head produced by each plant, and the plumpness of the 
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of irrigation are ex(*lusive of rainfall. As rainfall fiir!iishi‘K a. suffi- 
dent moisture supply in nearly all <»f areas to iuialilt* some 
yield to be se<ainM! witlaml irrigaiion, these results slnov yiidls 
with no irrigation (^f frtun lU) to 8U per eeni of the inaximum yield 
secured with irrigal it »n. 

Curve 1 in Fig. Hi) rt^prt*st*nts iIm* results for A yt*ars on a total of 
90 plats on medium (day Unun soil at Cooding, blaht)/ Tho, 
annual rainfall for tlie ytairs e<»vt*n*d hy tin* t*\perimtmts was 
9.72 im, td wlutdi AM in. oeeurn‘d dtiring the grtnving staison. 
The areas tisetl wtui‘ raw sagt^^hrush laml prit»r to tht‘ first year's 
work. Curve 2 shows ttn^ n^sulls t>f a eontiimatitm of iht^ same 
experinumts for a fttial peritei tO’ 7 yearsd" Iht* imaan annual rain- 
fall for the hmgtu’ |M‘riotl was 9,2lt in., t»f whitdi 2,91 iit. taamrnMl 
during the grtnving stansom The geiieral inerease in yitdtl in 
Curve 2 over that slnavn in Curve I wa.s etmsidta’et! !«» Ih‘ due to 
the improvement in soil ffuiility. 

(hirve A shows restilts fr<mi 2 years' eK|M'‘rinients on nualium 
soils at Prosser, Wasli.C^ '^dth spring wheat. 'Fhe rainfall for 
tl'iese y(\ars was 7 itn 

Curves 4 a.nd 5 slmw restilts (drained al Logan, Cfah/* with 
spring wheat and oats. "Hh* mean animal preetpilaiion was Ia,5 
in. for th(‘ years (d these exiHuanamls, witli a favorahh* distriln?- 
tioii for use by grains. Hu* soil is a dei^p loam. AAw results for 
wheat represent 292 ttnsts extending over 12 ycaars, those for oats 
78 tests over 6 ytairs. Ciood yields wcu’e smmred from rainfall 
alone, with some increase from mtHh*rat(* nnnnints of irrigatitm 
and a decr(\nsc* with <*Ke(*Hsiv{‘ use. 

From tlie Wi)rk shown in ('urves 1 a.ml 2 it was c’oneluded that 
for spring whead cm medium soils in smithmai Idalm the use of 
over L25 a(?re-fec*t'. per acre* was not ndvl^^abhu Wlntcu* whtail and 
barley, whicli inatnre emdicT and make* a larger use of winter 
rainfall, may not^ reeptire more than one irrigalion with a total use 
of about. 0.75 a,er(*4oot' |H*racre. Cats may use 1. 75 m’re-fcad I'mu* 
acre. At Logan it wa.s also concluded tlmt Ibr* use of ovm* 1.25 
acre-feet per acre tor H{>ring whi*M!. wc.mld laU he* fuaifitajde; a 
Bornewhat larger use* was indicated for onis. 

Being an annual crop, cercaals are friafiimiily usmi for lands 
having an unceri.ain watiw supply, a.s thf*y la* sown quickly 
if water is available in any year and the* loss in idle i*r|uipmmd. is 
relatively small in years of cleficicmt supply. On relmitive seals 
where a part of the moist, ure rcupureinent may be sc»eurml from 
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raiiilall, grain may be grown with one irrigation. Where water is 
available for only one irrigation, best results have been obtained 
from an application at the jointing stage. Where two irrigations 
are given, the early jointing and late boot stages are usually best. 
For three irrigations, applications at jointing, booting, and soft- 
dough stages are usual. In some areas where the climate permits 
winter growth, a grain crop may be secui'ed on retentive soils 
from one irrigation applied whenever water may be available. 

The effect of the amount of precipitation on the need for irri- 
gation of cereals is shown in Table XIII from the results for 
barley over a period of 6 years at Davis, Calif."* 


Table XIII. — Effect of Ihhioation on Yield of Barley at Davi^ 

Calif.'"* 


Three drier yeiirs: averap;e aniuial 
rainfall 10.07 in. 

ThrcT^ wetter years; avei’age annual 
rain bill 23.20 in. 

Number 
of irriga- 
tions 

Total 
depth of 
irrigations, 
inches 

Average 
yield of 
grain, 
pounds per 
acre 

Number 
of irriga- 
tions 

Total 
depth of 
irrigation, 
inches 

Av(u*ag(?i 
yield of 
grain, 
pounds per 
acre 

0 

0 

840 

0 

0 

1,520 

1 

6 . 7 

1,030 

1 

5.2 

1,780 

2 

12.2 

2,115 

2 

7.0 

1,810 


In this area the precipitation occurs during the winter and 
spring. The temperat-urcs during the rainy season permit growth 
of cereals so that the date of maturity is earlier than in areas of 
more severe winter climate. These results show a large increase 
of yield from irrigation in dry years but limited benefit in wet 
years. It was concluded that for these conditions when the 
annual rainfall equaled or exceeded t he normal of 17 in., with nor- 
mal distribution in t ime, the increase in the yields diet not warrant 
irrigation. In below-normal years or with unfavorable rainfall 
distribution with a deficiency in March and April, irrigation, if 
available, is advisable. 

Com. — Corn is grown under irrigation where temperature 
conditions permit. In general, its water requirements are similar 
to those of wheat, oat.s, and barley. The most critical stage of 
growth in relation to the moisture supply occurs at tasseling, 
adequate moisture at this time being essential for good yields. 
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Results of experiments on the total irrigation use and the 
yield are shown in Fig. 31 for experiments at Logan, Utah 
Curve 1 shows the results for 17 years^ work- with a total of 118 
trials, the full line representing the^smoothed relationship and the 
dotted line connecting the average results for the different depths 
of use. The departures from the average curve are typical of the 
results of such experiments, even where many trials are included. 
Actual crop yields are the result of several other factors in addi- 
tion to the water supply and a correlation with any single factor 
does not remove the effect of the other condit ions. Curves 2, 3, 
and 4 are the average results of 13 years^ work^Mn which corn was 



loa. 31. Results of experiments on the amotint of wjUor used and the yield 
ot corn based on experiments at Logan, Utah. {Adapted from Harris,^ 

FtUrnanAO 

grown continuously on the same land, curve 2 being for lands 
not manured, and Curves 3 and 4 being for land given 5 and 15 
tons of manure annually, respectively. The curves are similar in 
form, Ihe yield without irrigation is about three-fourths the 
maximum, owing to the favorable distribution of the mean annual 
rainfall of 16,2 in. at this location. In all cases the experiments 
showed a reduction in yield at the larger amounts of use. 

Results of experiments on the irrigation of corn for ensilage 
and of grain sorghum at Davis, Calif., ^ where the normal annual 
rainfall is 17 in., indicate that for medium soils in years of normal 
rainfall the net irrigation requirement for full crop production 
should not exceed 12 in. in depth applied in not more than three 
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irrigations. In years of below-normal rainfall four irrigations 
totaling 18 in. in depth may be needed. 

Summary. — In general, the water requirement of cereals vary 
from 1 to 2 acre-feet per acre per season. This is equivalent to 
about 50 to 60 per cent of the water required for forage crops 
under similar climatic and soil conditions. In some areas where 
only one irrigation may be needed to supplement the rainfall, less 
than 1 acre-foot per acre is required. In areas depending on 
irrigation for their principal moisture supply, two to three irriga- 
tions are usual. 

For retentive soils, one irrigation whenever water may be 
available may enable a grain crop to be produced. SufiElcient 
moisture may be stored in the soil, which with the rainfall during 
the growing season may meet the crop needs. Winter irrigation 
for this purpose is practiced in some areas. 

RICE 

The irrigation of rice differs from that of other crops, in that 
water is ponded on the land for much of the growing period, the 
crop being semi-aquatic. Rice is grown in the United States in 
some of the southern states and in California. Owing to the 
continued flooding, rice is adapted only to soils of heavy texture 
or to areas having impervious subsoils. For the 3 to 4^ months 
of submergence even very slow rates of percolation will result in 
large losses. Conditions are also favorable for large losses by 
evaporation and transpiration so that a large use of water cannot 
be avoided. 

Rice in the southern states is grown in Louisiana, Texas, and 
Arkansas. Irrigation practice varies. Water is usually first 
applied when the rice plants are about 6 in. high. Irrigation is 
not usually required at the time of seeding. Flooding is con- 
tinued through the growing season unless the fields are drained for 
2 to 3 weeks after about 3 weeks of submergence for the control of 
rice weevil. About 20- to 30-in. depth of irrigation in addition 
to the 12 to 20 in. of rain are needed for good yields. “ The 
higher humidity in these areas results in a smaller total water 
requirement than that needed in California rice areas. 

Rice has been grown in California since 1912. Early practice 
consisted of two to four flushing irrigations during the month 
after seeding, followed by continuous submergence until the fields 
were drained for harvest. Much present practice consists of 
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continuous submergence from the time of seeding, it 
found that the rice will sprout under sutunergence and that water 
grass and some other weeds can be more <dT(‘ctively controlled 
with early submergence than wilh tlie former practice. Con 
tinuous submergence is general on old rice lands where troubr 
with water grass occurs and permits using the la,nd for rice for 
longer continuous periods. For continuous submergence from 
the time of seeding, the deptli of wat(‘r is kc^pt at 4 to 8 in * for 
submergence a month after seeding the depth is graduall 
increased to a similar amount. Tlnu'e is |)raet ically no rainfall 
during the growing period in ( 'alifornia rie(' a,rt‘as and the entire 
moisture supply comes from irrigat ion. lh)r clay and adobe soils 
5 acre-feet per acre is sufficient with good pra.ct i(*-e, much actual 
practice uses 6 to 8 acre-feet i>er acre wlun-c^ the soil is more 
pervious or where leakage tlirough tlie levcK^s or other wastes 
occur. Eice should not be grown on soils through which larger 
amounts of percolation occur. 

ROOT CROPS 

The two principal root crops grown under irrigation are 
potatoes and sugar beet,s. As t.h<^ cornnuu'cial yield of both of 
these crops is represented by the root, growth, the plants above 
ground serving only as an aid to root d(‘velopnu‘nt, the irrigation 
practice is directed toward the production of the largest yield of 
roots. The quality of the crop is also an important item in the 
value of .the yield and is subject to more variation than with 
forage or cereal crops. 

Both potatoes and sugar beets (hwelop their main vegetative 
growth before the production of the coitnnercial portion of their 
yield. Adequate moisture is needed during the earlier growth to 
insure thrifty plants but the yield is affected to a less extent by 
shortages in moisture during this period than during the period 
of main root enlargement. Checking of growth during the later 
periods results in ripening with new growth following irrigation 
which affect the uniformity and shape of potatoes and the quality 
of sugar beets. 

Potatoes. — Potatoes are grown under a wide variety of condi- 
tions in the western states with a consequent variation in their 
irrigation practice. Many potatoes are grown without irrigation; 
in other areas only supplemental irrigation may be required; 
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while in some localities all moisture must be secured from 
irrigation. 

Where the moisture is deficient at the time of seeding, irrigation 
should be applied before planting rather than after. The mois- 
ture from rainfall or irrigation at the time of seeding should be 
sufficient to carry the plants through their earlier growth. In 
many areas no irrigation until the blossom period will be required. 
While early irrigations should be applied if actually needed, some 
early restriction in moisture will not reduce yields. A.n irrigation 
at blossoming time when the tubers are forming is usually fol- 
lowed by light applications at 1- to 2-week intervals until the 
crop is ready to mature. As potatoes are not deep-rooted, it is 
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"Fig. 32 . — Results of exporimonts on the amount of water used and the resulting 
yield for potatoes. {Adapted from Harris A Welch.^) m 


only necessary to moisten a depth of soil of 2 to 4 ft. and frequent 
light irrigations arc preferable to fewer heavier applications. A 
period of 80 to 50 days should be allowed after the last irrigation 
for ripening of the crop. 

Potatoes are planted in rows varying from 33 to 48 in. apart. 
Furrows arc formed by t.he cultivation and are gradually deepened 
as the plants become larger. Deep furrowing is desirable so that 
the water will penetrate to the feeding roots below the tubers. 
Saturation of the soil around the potatoes may cause diseases or 
prevent even growt h in heavy soils after drying. In some areas^ 
irrigation in alternate furrows is practiced. This is advisable, if 
at all, only in soils of good lateral moisture movement where the 
closer row spacings are used. 
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Figure 32 ahowK Ihe roaults of experiments on the effect of the 
amount of water used on the yield. Curve 1 represents the 
results of 210 i est s at Logan, Ut.nh,^ on. a loam soil; the dotted line 
connects the points of actual record and the heavy line shows the 
average relationship indicatoil l;)y all results. Similarly to results 
prcviomly presented for other crops, the individual results show 
variations from t he general trend. The number of observations 
arc suflicient, however, to indicate the general effect of amounts 
of use larger and smtdku- t han those giving the best results. The 
mean annual rainfall at Logan of 16.2 in. is not included in the 
use of water shown. 

The results in ( 'urv«‘ 2 were obtained at Gooding, Idaho, ^ on a 
mcdium-h(‘avy soil during 4 years’ observations. The average 
annual precipitation for t.hese years was 9.73 In. Two, four, and 
six irrigations of about d-in. depth each were used. Two 
irrigations were; insufficient to produce a good 3deld. Four 
irrigations gave as good yield as six applications. 

The total amount, of watcu- per season required for good yields 
with potatoes on medium soils varies from 6-in. depth, where only 
supplemental irrigation is needed, to IJi- to 2-ft. depth, where 
the full luoisturti supply is secured from irrigation. For similar 
climatic and soil conditions, potatoes usually require somewhat 
more water than cereals and from one-half to two-thirds of the 
amount reepured for alfalfa. Water is required later in the 
season for potatoes t.han for cereals. Potatoes should not be 
planted unhsss siich later-season water will be available. For 
full irrigation, three to five applications are typical. On coarser 
soils, depths of irrign.t.ion used may be as large as 3 ft. 

Sugar Beets.— Sugar beets are grown under a wide range df 
climatic condit.ions in the western states. In some coastal areas 
of southern California cither irrigation is not used or only one 
application may b<5 needed. In other areas entire dependence 
for moisture may be placed on irrigation. 

The spacing of rows varies from 18 to 24 in., irrigation bemg 
applied in furrows between the rows. The relatively narrow row 
spacing limits the depth of furrows that can be used wi ou 
covering the plants so that cross flooding between furrows fre- 
quently occurs. This is not directly harmful to the plants it 

water does not 8t,and on the fields. 

It is thought by many that early irrigation tends to fallow 
rooting and short rounded beets of smaller tonnage. Lxpen- 
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mental results do not confirm this view. With retentive soils 
having adequate moisture at planting, early irrigations are not 
ixsually needed but should be applied whenever the crop shows 
need for water. During the latter portion of the growing period 
when the main growth of the beets occurs, a deficiency in soil 
moisture causes a checking in the rate of growth which will not 
be recovered by later irrigations. 

Sugar beets may utilize moisture to a depth of 6 ft. Somewhat 
heavier individual irrigations can be used effectively than for 
potatoes. Irrigation in alternate furrows is practiced in some 
areas, the first irrigation being applied in one set of furrows 
and the succeeding one in the remainder. A third irrigation, 
if needed, is more usually applied in all furrows. Such alternate- 
furrow irrigation avoids wetting the whole area and reduces soil 
evaporation. Yields may be reduced, however, in soils where 
the lateral movement of moisture is insufficient to meet across 
the wider spacing. 

The water requirements of sugar beets are similar to those for 
potatoes. The ripening period after the last irrigation is not so 
long as for potatoes and a later irrigation may be needed for 
beets. On medium, soils the total amount applied varies from 
less than 1 acre-foot per acre for supplemental use to 1)4 2 

acre-feet per acre for full irrigation. Experiments on the effect 
of variations in the yield with different depths of irrigation show 
similar results to those secured with potatoes, the yield increasing 
with the depth applied within the limits of usual practice and 
decreasing with excess use. The rates of decrease with excess 
use for sugar beets are usually less marked than those for potatoes, 
as the beets are less sensitive to excess moisture. The number 
of irrigations used varies from one to three or four, except on 
coarse soils where additional applications may be needed. For 
such coarse soils the total use may be as large as 23 ^ to ^^-cre- 
feet per acre. 

ORCHARDS 

Orchards include all tree crops such as deciduous and citrus 
fruits, vines, and nuts. Each of these groups includes several 
individual types. The more important irrigated deciduous 
fruits are the apple, peach, prune, plum, pear, apricot, and 
cherry. The citrus fruits include the orange, lemon, grapefruit, 
and avocado. Vineyards include the wine, raisin, and table 
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varieties. English walnuts and almonds are the more impor- 
tant nuts. 

The wide variety of the products and the climatic conditions 
under which they are grown result in widely varying irrigation 
practices. Orchards are perennials whose commercial yield 
in any year is affected by the practices followed during preceding 
years as well as during the current season. Quality of product 
is a more important element in the value of the crop than for 
other types. Injuries from disease which may in turn be affected 
by the irrigation practice are a larger factor than for annual 
crops. All of these conditions make it much more difficult to 
correlate the irrigation practice with its effect on the yield and 
there is much less experimental work of this character available 
for orchards than for other irrigated crops. Present practice 
in orchard irrigation is more largely the result of general experi- 
ence and observation than of controlled experiments. 

While the character and depth of roots of different types of 
orchards vary, the depth is usually sufficient to enable fairly 
heavy applications to be retained within reach of the trees. With 
orchards it is not advisable to delay irrigation until the shortage 
of moisture affects the tree. Such delay may result in injury 
to the yield before water can be applied and the tree recover. 
The need of irrigation of orchards is judged by general experience 
or by examining the moisture condition of the soil. Such 
examinations may be general, such as with the shovel to secure 
soil just below the drier surface, or definite, such as by actual 
soil borings to 4 to 6 ft. depth with oven drying of the samples 
obtained. This latter practice is coming into increasing use in 
some citrus areas where water is expensive and difficult to 
obtain and where the value of the ci'op supports the cost of such 
observations. 

Deciduous Orchards. — The most extensively irrigated decid- 
uous fruit is the apple. Apples can be grown under a wider 
range of climatic conditions than other fruits. Other irrigated 
deciduous orchards are largely limited to the Pacific Coast states 
or inland localities having less severe climatic conditions than 
occur in much of the area of the western states. 

Many areas producing deciduous fruits, particularly in the 
coast states, were planted under the expectation that irrigation 
would not be required. This applies to many California areas 
receiving 15 to 20 in. of mean annual rainfall occurring mainly 
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during llie winter inmiflis, ns w<»li as itiure northern coastal 
valleys rca'fdviiig larger rainfall* iinod results wcu’e frequently 
secured in Ihe c‘ar!y growiii and hearing of tlie tn^es, but it has 
been fouini in many of fliese areas tluit the inairdenance of good 
yields of higli*-<|ualif y fruit witli nmture orchards r(H|uin‘S aup- 
pleineidaj irrigation. In nearly all of sueh areas wlnu'e wader 
can be secuna! at a feasilde cost, irrigation is now generally 
practiced* Ha* use of winU‘r rainfall is liniifeci l>y the moisture- 
storage^ capacity of the soil and even (Ui d(M‘p retentive soils 
suffna(*nt moisture (‘annot l>e retained from wint(‘r rains to meet 
the moist urc‘ necNis of heavy pnalucdion during the summer 
growing period. 


lion on Ihe flavor and kei*ping quality <d tht^ fruit. While over- 
irrigation may n‘stdl in fruit of poiU’ flavt)r, with proper practice 
there is little* difTenmce ht*tween irrigated and unirrignted 
products, in areas where fairly good inavduetion may be secured 
without irrigation, irrigafiem has beem found to improve the 
\miformity attd color .and to rethna* wimlfalls* 

Ma,ny consider that irrigation sluuldy before ripening reduces 
the ke«'*ping quality a.nd may cause splitting. W'lurre the 
moistun* condititnis have* !a*en ctnuinuously fa.voral>kq with a 
resulting conlinueil sttaatly growth of the cro]), late irrigations 
before ripeming havi* not i»een hamd to be <letrimental Where 
the soil has become dry and Ihe fruit luas Ix^gtin to mature, some 
splitting may follow an irrigation. The general rule a|)plicable 
to all (kamiuous tret^s is to maintain an adequate nnast.ure supply 
continuously avnilabk* to I la* t ree so tha.!.. gnmiJi is nevew seriously 
clieckeal. KlactualiiJim of moist ur<* within this standard do not 
produce* harmftd, <dTec*iH and a.void ihe disadvantages that may 
follow too wide moistnre varintkms. 

Intt‘rcrops or covt*r cr<q>s uri* fretptenlly tised in orchards* 
Int'Crcroiiping is tmma usual in y<mng (aTlyinis where the tree 
nsd's <lo not utilize, the full soil a.rea. The water re<|uirements 
witli int.ercropping ec|ual the sum of those f<a* the trees and the 
intererof) if tin* treses an* to lx* fully supplied, (,k>ver crops are 
used for greem innmiring. In (‘nJifornia, cover crops can be 
grown during thc,^ winter months n.nd their moisture needs hui> 
plied from rainfall Biich use of rninhili, howewer, decreases the 
soil juoisttire tliud miglit, he storcai for use by ihe trees during 
die summer season and intmatmas t-hc irrigation requirement by 
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the amount of soil-moisture storage used by the cover crops. 
Earlier plowing under the cover crop reduces its effect on the 
moisture supply of the trees. Pernument cover crops are grown 
in some areas where winter temperatures prevent winter crops. 
Alfalfa is frequently used for this purpose. The water require- 
ment under such practice is increased over that needed for 
clean culture. 

The details of practice with different deciduous orchards in 
different areas vary so widely that an inventory of the methods 
used would be of limited general application. The following 
illustrations arc typical of i.hese variations. 

Several deciduous fruits mat-ure tiuur crop sufficiently early in 
the season so (.hat irrigati<jn after picking is required to maintain 
the tree in a thrifty condition during t lie remainder of the growing 
season while the buds for the succeeding season are forming. In 
areas where winter injury docs not occur, it is us\ial to attempt 
to hold the leaves as late as practicable in order to get full bud 
growth. A late-season water supply is essential for such practice. 
It is usual to irrigate deciduous fruits after harvest, in the fruit 
areas of California of lower altitude, i'his also permits starting 
cover crops before the winter rains begin. 

The apple tree makes its main wood growth in the first half of 
the growing season and the main volume of its crop growth in the 
second half. Irrigation in the first half of the season should be 
directed toward maintaining a thrifty condition of tlie tree with- 
out over-stimulation of limb growth. Lat-er irrigat ions should be 
applied so that there is a continuously favorable soil-moisture 
content until the maturity of the fruit is assured. As apples are 
grown in many areas having low winter temperatures, care is used 
to check late-season growth in time for the tree to become dormant 
before freezing occurs, A winter irrigation after tJie t*ree has 
become fully dormant is practiced in some areas if the winter 
rainfall is deficient. Injury from very low temperatures or 
drying winds is less if the soil is moist. 

With peaches the early-season growth of the fruit is slow until 
the fruit pit hardens. It is essential that ade(|uate moisture be 
available at this time. Irrigations are usually needed until 
harvest at 3- to 4-we6k intervals on sandy land and every 4 to 
6 weeks on medium to heavy soils. Fox primes, much California 
practice applies three irrigations, in early summer, midsummer, 
and after harvest. Sandy or shallow soils require more frequent 
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and lighter applications. Mature trees will use the available 
moisture in retentive soils to depths of 5 to 6 ft. in 4 to 6 

weeks. 

The total moisture needs of a mature deciduous orchard are 
about 2 acre-feet per acre per season. The irrigation requirement 
represents the portion of iiiis need which is not supplied from 
rainfall Ground water within 10 or 12 ft. of the surface will 
also supply some moisture for use by the trees and reduce the 
amount of surface irrigation needed. Where soil conditions 
permit efficient application, the total irrigation requirement 
should not exceed 2 acre-feet per acre without aid from other 
sources of moisture; on some coarse soils larger applications may 
be needed. For much deciduous-orchard practice the total 
depth of irrigation used is from 1 to 1}4 acre-feet per acre. For 
retentive soils the number of irrigations varies from two to four 
with a tendency toward a larger number of applications for apples 
than for other fruits. 

Citrus Orchards.^ — Citrus trees are evergreen and require 
moisture throughout the year. The long growing season with 
high temperatures results in a larger water requirement than 
that for deciduous orchards. 

The total annual waller requirement of mature citrus orchards 
in Southern California^^ is about »30 to 40 acre-inches per acre. 
As a portion of the total reciuirement is secured from rainfall, the 
irrigation requirement is about 12 to 15 acre-inches per acre in 
the more humid coastal areas, about 18 acre-inches per acre in the 
intermediate areas, and 24 to 28 acre-inches per acre in the 
interior valleys. The reciuirement for young orchards may not 
exceed onc-half to two-thirds that needed for mature groves in 
full bearing. In the Imperial Valley and in Arizona where the 
rainfall is too small to be useful to the trees, grapefruit has a larger 
requirement; 24 to 30 acre-inches per acre per season may be used 
on young trees and 36 to 42 acre-inches per acre on older orchards 
in bearing. 

Citrus trees are more shallow-rooted than most types of decidu- 
ous trees so that lighter individual irrigations are usual. Typical 
practice would be represented by irrigations of 3 to 4 in. in depth 
at intervals of 3 to 6 weeks from April to October. In seasons of 
deficient winter rainfall additional irrigations may be required. 
FiConomic conditions in citrus culture permit more care in apply- 
ing water and the water used is more uniformly distributed and 
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more completely secured by the trees than is usual with similar 
depths of irrigation for other crops. 

Nuts. — Irrigated nuts are grown in California and to a limited 
extent in some other states. While there is some planting of 
several kinds, commercial production consists mainly of walnuts 
and almonds. 

Walnuts are planted on a wider spacing than other orchards. 
Their water requirement per acre is not reduced by such planting, 
however. An adequate moisture supply is essential from the 
time the shells begin to harden until the latter part of the summer. 
In some Southern California areas, an irrigation after the removal 
of the crop is advisable to prevent winter drying out with die- 
back of new wood growth. Late irrigation should be avoided on 
young trees. The seasonal depth of irrigation needed varies from 
12 to 18 in. in Southern California coastal areas of larger rainfall 
and higher humidity to 24 in. in arid areas of higher temperature. 
The depths used in the northwest are usually from 9 to 18 in. 
Walnuts are also grown in some areas where irrigation is not 
practiced. 

Almonds have a smaller water requirement than many other 
trees. If the soil is dry, an irrigation just before the hull begins 
to split will reduce stick tights. A light irrigation after harvest 
aids bud formation for the following year. 

Grapes. — Irrigation practice for grapes is more variable than 
for many other crops. Many vineyards are not irrigated in semi- 
arid areas. Much California practice consists in irrigating in 
the spring, at blossom time, and when grapes are of small shot 
size. Later irrigations may be apphed on soils of small moisture 
holding capacity. Irrigations near the time of ripening have 
been considered to result in poorer keeping qualities but experi- 
ence indicates that no harmful effects occur unless the soil has 
become too dry prior to the irrigation. 

TRUCK CROPS 

Truck crops include the vegetables, melons, bush fruits, and 
oerries. Both the varieties of the crops included and the condi- 
tions and purposes of their production vary so widely that their 
irrigation practice is less uniform than for other classes of crops. 

Truck crops are generally shallow-rooted. Consequently only 
light irrigations are needed to meet the moisture requirements of 
the depth of soil from which they secure their supply. Many of 
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these crops are sensitive to shortages of moisture, particularly 
at the ripening period, and frequent light irrigations are usual. 
As irrigatiioii in furrows is practiced, such light applications can 
be readily accomplished. A heavier irrigation is frequently 
applied before seeding for the annual truck crops. Less frequent 
irrigations are usual during the earlier part of the growing season 
with such crops as tomatoes, in order not to overstimulate vine 
growth. 

The total water requirement for truck crops is generally from 
1 to 13 2 acre-feet per acre, where single annual crops are grown, 
to 13'2 i acre-feet per acre for perennials or double-cropping 
annuals. Dependability of the supply during critical periods of 
growth is as important as the total amount available. 

COTTON 

Cotton is grown under irrigation in California, Arizona, New 
Mexico, and western Texas. Irrigated cotton represents only 
a small part of the total production in the United States of this 
crop. 

An irrigation before planting is usual if adequate moisture is 
not available from rainfall. This irrigation, if applied, should be 
thorough. Following seeding, overirrigation should be avoided, 
as excess moisi.ure stimulates vegetative growth and delays 
fruiting. After the squares have formed, continuously favorable 
moist, ure conditions should be maintained by light irrigations. 
These miiy be needed at 10- to 14-day intervals on light soils. 
Drying of the soil during the latter stages of growth may cause 
shedding and loss of yield. 

Owing to its long growing season the water requirement of 
cotton is larger than that for most annual crops. The depths of 
water used vary with the climatic conditions from 8 to 20 in. in 
the Upper Rio Grande Valley to 2 to 4 ft. in Salt River and 
Imperial Valleys, Where properly applied, good yields are 
secured from the smaller amounts of use. 
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CHAPTER V 


GENERAL WATER REQUIREMENTS 

In addition to the factors affecting the net water requirements 
of the various crops as discussed in Chap. IV, the planning of the 
water supply for an irrigation project requires consideration of 
the factors affecting the gross water requirements and the distri- 
bution of the demand during the irrigation season. Such matters 
are the concern of both the canal management and the landowner, 
as they are both directly affected by any inadequacies in the sup- 
ply that require adjustments in crop practice. Such adjustments 
may be either in the total amount of use if the total supply is 
insufficient or in time of use if the run-off does not coincide in 
time with the period of demand and storage is not available. 

The projects of the U. S. Bureau of Reclamation are distributed 
throughout the western states and include all varieties of condi- 
tions of soils, climate, and crops. As their records of operation 
are more complete and are more readily available than those for 
projects of other forms of organization, the results of their use 
have been used to illustrate the variations in the general water 
requirements of irrigation systems. In general, the projects of 
the Bureau have adequate water supplies so that the choice of 
crops and the irrigation practice are not limited by shortages in 
the available water supply. 

GROSS USE OF WATER 

The gross amounts of diversion by canal systems vary with all 
of the factors that affect the conveyance and use of water. 
Records of different canal systems show differences of several 
hundred per cent, resulting from differences in character of con- 
struction, soil, crop, climatic, and water-supply conditions- 
For such an extent of variation, average use has only limited 
usefulness as a guide to the probable use under any canal system. 
While no complete records are available, average diversion by the 
larger canal systems is probably about 5 acre-feet per acre 
irrigated per year. For short growing seasons, more favorable 
rainfall, or retentive soils, gross use may not exceed 2 acre-feet per 
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acre irrigated. For long canals or coarser soils causing larger 
conveyance losses or for conditions resulting in larger deliveries 
to the land, gross diversion may equal or exceed 6 to 8 acre-feet 
per acre irrigated. 

The irrigable area under any canal system is never all irrigated 
in any season. In addition to the entire farms which for various 
reasons may not be operated in some years, the entire area of 
each farm cannot be devoted to crops even on fully developed 
farms. Eoads, canal rights of way, rough land, and building sites 
all reduce the cropped and irrigated areas. On large systems, 
several years are required for settlement and less than one-half 
of the area may be irrigated after 5 years of operation. Records 
of gross use should specify the basis used in determining the area 
irrigated. Unless otherwise specified, the use in the following 
tables is based on the area actually cropped and irrigated. 


Table XIV. Average Gross Diversion of Typical Projects ob’ U. S. 
Bureau of Reclamation^ 


Project 

State 

Area 

irri- 

gated, 

acres 

Miles 

of 

canals 

and 

laterals 

oper- 

ated 

Mean 

annual 

precipi- 

tation, 

feet 

Gross 
diversion, 
acre-feet 
per acre 
irrigated 
per 

season 

General 

character 

of 

soil 

Belle Pourche 

S. D. 

45,200 

547 

1.34 

2,35 

Heavy 

Klamath 

Calif, and 
Ore. 

43,300 

240 

0.80 

2 . 75 

Medium 

Lower Yellowstone. ... . 

Mont, and 
N. D. 

17,500 

202 

1.04 

3 . 82 

Heavy 

Huntley 

Mont. 

19,400 

232 

1.00 

4. OS 

Heavy 

Shoshone-Garland Unit . . 

Wyo. 

32,400 

279 

0.42 

4.33 

Medium 

Minidoka South Side .... 

Idaho 

44,900 

275 

0.85 

4.38 

Medium 

North Platte 

Nebr. 

107,700 

1,164 

1.28 

4.55 

Medium 

Yakima Sunnyside 

W‘ash. 

91 , 700 

602 

0.48 

4.70 

Medium 

Orland 

Calif. 

14,600 

135 

1.29 

4 . 95 

Light 

Carlsbad . 

N. M. 

22 , 600 

45 

0.92 

5.12 

Medium 

Boise 

Idaho 

145,600 

1,004 

0.81 

5.14 

liight 

Newlands-Carson Division. . . 

Nev. 

38,800 

319 

0.40 

6.40 

Medium 

Uncompahgre 

Colo. 

61,200 

470 

0.81 

7.49 

Medium 

Rio Grande 

N. M. and 

1 Tex. 

96,800 

485 

0.66 

9.95 

Medium 

Umatilla 

Ore, 

11,000 

173 

0.76 

10.04 

Light 

Yuma 

Calif, and 
Ariz. 

52,000 

336 

0.66 

10.75 

Medium 


Table XIV contains the results of the records of gross use of 
^ater on a selected group of projects of the U, S. Bureau of 
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Reclamation.^ These projects have been arranged in the order 
of the amount of their average gross use per acre. The systems 
having the smaller gross use per acre are generally those of 
shorter growing season or larger and more favorably distributed 
rainfall where the soils are medium to heavy in texture. Inter- 
mediate amounts of gross use are shown on systems of medium 
soils with fairly favorable conditions regarding conveyance loss 
and waste. Tor such projects a gross use of 4.5 to 5 acre-feet per 
acre irrigated is typical. Systems having relatively large gross 
use are ones for which some unfavorable factor, such as coarse 
soils, long season, or excessive waste in operation, affects the 
results. On the Rio Grande Project, excess water is diverted by 
the upper canals and returned to the river for rediversion in lower 
canals. The gross use reported includes such reuse. On the 
Yuma Project excess water is diverted for power use and silt con- 
trol, the excess diversion being returned to the river. Use on the 
Umatilla Project includes both large conveyance loss and use on 
the lands due to the sandy soils served by this project. The 
results shown in Table XIV illustrate the importance of local 
factors in the amount of use and the necessity of considering local 
conditions in determining proper use. 

Table XV. — Gross Use on Stjnnysibe Project, Washington 


Year 

Water Diverted; 
Acre-feet per 
Acre Irrigated 

1898 

11.4 

1899 

10.6 

1900 

10.2 

1901 

9.6 

1902 

9.1 

1904 

6.0 

1906 

6.5 

1909 

5.5 

1912 

5,4 

1914 

4.9 

1917 

4.7 

1920 

4.4 

1923 

4.6 

1927 

4.7 

1928 

5.0 

1929 

5.2 

1930 

5.S, 


Effect of Age of Canal on Use. — The gross use per acre generally 
diminishes with an increase in the time a system has been 
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operated. In the first years of operation of new systems the 
area irrigated is usually scattered and small and the water supply 
is in excess of the needs. More liberal conditions of service can 
be permitted in the earlier years. The canals may need to be 
operated at as high stage for delivery and for as much mileage as 
for full development, so that conveyance losses are high. Use 
generally becomes stabilized after 10 to 15 years of operation and, 
while variations occur from year to year with the climatic differ- 
ences and shifts in crops, further permanent changes occur slowly. 
Use may increase with changes to crops of larger need, such as 
from grain to forage or where drainage may result in more surface 
irrigation. The more usual tendency is toward a decrease, as 
diversity of crops more often reduces the average use and improve- 
ments in canals reduce conveyance losses. 

The variations in gross diversion with the continued use of the 
canal system are illustrated by the records of the Sunnyside Canal 
in Washington. The results as compiled from the records of the 
U. S. Bureau of Eeclamation are shown in Table XV. 

NET WATER REQUIREMENTS 

Records of the net use or delivery to farms for typical projects 
of the U. S. Bureau of Reclamation^ similar to those for gross use 
in Table XIV are given in Table XVI. 

Table XVI gives the general factors affecting the use of water 
except the length of the growing season. For heavier soils and 
shorter seasons, use may be as low as 1.50 acre-feet per acre. 
Average conditions result in a use of from 2.25 to 3.0 acre-feet per 
acre. With porous soils or other unfavorable conditions, use 
may average 4 to 5 acre-feet per acre. These rates of use exceed 
the transpiration and evaporation and cause additions to the 
ground water which usually result in waterlogging much of the 
land sei’ved unless drainage is provided. These illustrations of 
net requirement, like those for gross use, emphasize the variations 
that result from locJal conditions and the necessity of considering 
such conditions in forecasting tne water requirements of irrigation 
systems. Details regarding use for different crop and soil con- 
ditions have been discussed in Chap. IV. 

RELATION BETWEEN GROSS AND NET USE 

The proportion of the total diversions which are represented by 
the canal seepage, the regulation waste, and the delivery to the 
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Table XVI. — Average Deliveries to Farms of Typical Projects op 
U, S. Bureau op Exclamation ^ 




Mean 

Percentage of area in 

Water 




tern- 

different crops 


de- 



Precipi- 

perature 





livered 



tation in 

in 

Al- 

falfa, 

hay, 

and 




to 

General 

Project 

growing 

growing 




farms, 

character 


season, 

season, 

Small 

grain 

Pur- 


acre- 

of soil 


feet 

degrees 

F ahren- 

row 

crops 

Trees 

feet 

per 




heit 

pas- 



acre 





ture 






Belle Pourche. . . . 

O.SG 

65 

62 

22 

16 


1.22 

Clay and 









sandy loam 


0.18 

60 

77 

21 

2 


1.43 

Sandy loam 

Lower Yellowstone 

0.71 

64 

45 

33 

22 


1.34 

Deep sandy 









loam 


0.G3 

64 

42 

34 

24 


1.39 

Heavy clay 







to light san- 
dy loam 



ShosLone-Garland 

0.33 

59 

69 

28 

13 


2.38 

Light sandy 









to heavy 
clay 

Minidoka South 










0.53 

69 

60 

28 

22 


2.54 

Sandy loam 

North Platte 

0.81 i 

66 

36 

26 

38 


2.23 

Sandy loam 
mainly 

Yakima- Sunny- 









side 

0.21 

63 

67 

7 

21 

16 

3.29 

Mainly 







sandy loam 

Orland 

0.37 

70 

63 

5 

19 

23 

3.17 

Sandy and 








gravelly 
loam, silt 
loam, clay 
loam 



Carlsbad 

0.86 

66 

33 

4 

63 


2.36 

Sandy loam 

Boise. 

0.38 

62 

63 

31 

13 

3 

3.60 

Clay loam, 








light sandy 
loam, and 
sandy loam 



N ewlands- Cars on 








Mixed 

Division ....... 

0.26 

59 

86 

11 

4 


2.88 

Uncompahgre. . . . 

0.66 

61 

47 

26 

25 

3 

5.76 

Sandy grav-. 
el, adobe 









and clay 

loam 

Rio Grande 

O.GO 

66 

37 

8 

63 

2 

2.89 

Alluvial 








sandy loam 

Unaatilla 

0.35 

GO 

85 

1 

6 

8 

6.02 

Sandy and 








sandy loam 

Yuma 

0.33 

72 

39 

3 

68 


3.01 

Alluvial, bot- 





1 




tom lands 
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farms for the systems of the U. S. Bureau of Reclamation listed in 
Tables XIV and XVI is shown in Table XVII. The amount of 
canal seepage depends on the a.veragc distance water is conveyed 
and the texture of the soil in which the ca,nals are constructed. 
Regulation waste represents the wafer diverted into the system 
and allowed to escape from the canals and at the lower ends of 
the laterals. 


"Pabi.b XVIL— Conveyanck Lobs, RiooiiLATjoNr Waste, and Dklivbeies 
TO Fa.emb foh Typical Phojkcts of U. S. Bureau of Reclamation ^ 



P(irc(uitag(^ of total 



div(U‘sion.s 


ProjtH'.t 

Canal 



Remarks 


and 

Regu- 

Deliv- 



hitet*iil 

lation 

(uy to 



loBSIiS 

waste 

farms 


Belle Foiirche 

33 

15 

52 


Klamath 

39 

9 

52 


lA)wer Yiillowstone 

44 

21 

35 


Iluntley 

36 

1 30 

34 


HhoEhono-Garlaiid 

38 

7 

55 


Minidoka South Side 

39 

3 

58 


North Platte 

43 

8 

49 


Yakitna-Sunnyside 

23 

7 

70 


Orland 

27 

9 

(vl 

’'I\vO“thirds of canal 





inil(‘ag(% concrete 





lined 

Carlsbad 

48 

6 

46 


Boise 

28 

2 

70 


N e wlaiids-Carson Di v isio n 

41 

14 

4,5 


Uneompahgre 

13 

10 

77 


Rio Grande 

32 

39 

29 


Umatilla 

32 

18 

50 

<82 per cent of canal 





mileage HikhI or pipe 

Yuma 

14 

58 

2B 



With favorable soils, conveyance losscvs may be less than 20 
per cent of the diversion. Similarly small losses may occur where 
the water used contains much silt as illustrated by the Yuma 
Project. More usual values for conveyance losses are 25 to 40 
per cent. Long diversion or main canals or coarse soils may result 
in losses exceeding 40 per cent. All of the projects have complete 
distribution systems from the point of diversion to each farm. 
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f^inallfr synlriiis with nImhi Oivi^rsiun fatialn wrnild have hm kwa 
for similar s«hls. 

Ilf liie esifial syslems lisietl in ‘Hifile X'\lk two, the Orkmd 
nnii riii:iii!!:i, Imvo any larur pro|'>ornMit of catrierete-hneil eannl. 
On st»itie raliforiiia }^ys\vnt^ eonsi'^iiftu of enrirrete4inmi mirmlH 
nini rom‘reie cMorivoyanee are as sinnl! im 5 {mo* cmnt. o| 

I he ihversiiiii, 

lk*t!„iilaiinn waale may Iw* a lariie item where exeesn water in 
availahle, as it is a eorivenienee in o|w*ration to earry some Hurplnn 
flow, lliis }M*rmits flexihility in ui'H^aiion unci delivery on 
shorter iioinainis. Wle^re exeess water is mh availnhhy waste 
limy le* It* n small j-Mmamiaae of t!ie iliv'tmnions, 'The large 
waste ftn I lie Uio Ctraiitle Orojm*! is dm' to tfiversion in exeesB of 
Of'eds amt rettirn to the river for tin* hnver iinilstif tlie {project; 
ihjil in the Vnimi Projeet to r*xmw diversions for |Hiwer and silt 
eon! nil 


SEASOI^^l osb: of water 

1lif* seasanuil dint rihut ion of tin* tieiiiand ftir water varieH with 
rlirnatie eoiidilions ami erofVH. As the eropn are also largely 
govra'iied liy the elimalie eomlitionH, the eliinati* is the main 
farlor in di'lmmiining tin* Heasonal mv fm hirge systemn htiving 
diversity of 1'he sfaisonal use is also afleeled by t!m 

mimimtey and availnliitily of the wntm' snf^ply ami l>y tin* Hoil 
VVhilt* tin'* seasonal demand is gr‘nr*rally similar iindm* tlie difTereni 
eaiiak in any Ior'a!il'j% watmxsupply i'Htimatea for any ii y .iect 
shoidd he based on a eonsidm'at ion. of all factors afTiading its 
iiidividnnl \m\ 

tlaiif growt}i stiirfs slowly in tin* Hfiring when temiienitnreB 
!a*giri to exceml the minimum limit for diiereat crofm* H<.mie 
growth of hirnge erops lH»ginH wh.en the tein{a*raturi* during the 
day rearlieH W" Hueli growl h in very hIow* until I he* daily mean 
terri|ii*rattire' iiicreaH(‘H and tin* daily minimum is aimve 32 ^* 
Mow! lire use in the early aewm is Himilarly slow and irrigation is 
not reqiiirrii iinl il temfw*rat nres Itave increased and nortnal 
grciwtii lias hf'gtim To«* early irrigation may retn.rd growth by 
ri'ditcirtg noil lenifienitures, Hncii irrigations lend to result in the 
grow'lli of the hardii^r weerln and graaseH at tJie c*xfM>fwe of the 
aifalfii or |>lanted forage crops. Tlu* annual crops more Hensifive 
til low teni|K!ra,tnreH an* riot^ planted in the early Heanon, 'Fkcre 
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may be a demand for early irrigation for such lands where irriga- 
tion before planting is needed. 

The first demand for water under a canal system is for the 
coarser-textured soils. Such soils have a smaller moisture hold- 
ing capacity and also become warmer more quickly. This 
results in earlier growth and use of the available moisture. 

The demand for water at the end of the irrigation season dimin- 
ishes gradually as different annual crops mature or growth is 
completed on perennial crops. While the beginning and ending 
of the operation season will vary somewhat in different years, 
owing to the character of the individual seasons, the amount of 
such variation is usually small in arid areas. In serni-arid areas 
differences in the amount and time of occurrence of rainfall cause 
more variation in the irrigation season in different years. 

EfBEect of Kind of Crop. — An illustration of the effect of the 
kind of crop on the seasonal demand is presented by results in 
southern Idaho,- from which Table XVIII has been compiled. 


Table XVIII. — Average Use by Months on Selected Fields of Medium 
Clay and Sandy Loam Soils in Southern Idaho ^ 


Dates 

Average use on 
119 fiel<ls of 
grain 

Average use on 
52 fields of 
alfalfa and 
(dover 

Average use for 
equal areas of 
the two types 
of crop 

A(‘, re- 
fect 
per 

acre 

Perceiit- 
age of 
total 

Acnv 

feet 

per 

a(Te 

Percent- 
ages of 
total 

A<‘, re- 
fect 
per 

acre 

Percent- 
age of 
total 

Apr. 1 to 15 



0.02 

0.8 

0.01 

0.5 

Apr. 16 to 30 

0.01 

0.7 

0.02 

0.8 

0.02 

1.0 

May 

0.14 

9.3 

0.60 

24.1 

0.37 

18.5 

June 

0.68 

45.9 

0.44 

17.7 

0 . 56 

28.0 

July 

0.57 

38.1 

0.73 

29.3 

0.65 

32.5 

Aug 

0.09 

6.0 

0.58 

23.3 

0.34 

17.0 

Sept 



0.10 

4.0 

0.05 

2.5 

Total 

1.49 

100.0 

2.49 

100.0 

2.00 

100.0 


A canal serving grain alone w'ould heed to have nearly as large a 
capacity as one serving all forage crops owing to the peak demand 
in June, although the total amount of water used for the season 
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would be only 60 per cent of that used for alfalfa. Where the 
two types of crops are combined, the peak demand would be 11 
per cent less than that for an area serving forage crops only. 

The variation in time of demand for different crops under condi- 
tions in Utah'*^ is shown by Fig. 33. Cereals require water mainly 
in the earlier summer months; 
require little water before July 
but need water through 
August. Alfalfa has a steady 
demand throughout the irriga- 
tion season. As the water 
supply for irrigation is mainly 
derived from the natural flow 
of streams draining the higher 
mountainous areas which have 
a relatively large run-off from 
melting snow in the earlier 
summer months with low flow 
in July and August, the grow- 
ing of large areas of crops 
needing late-summer water 
requires storage. On canal 
systems which have only a 
limited late-summer flow avail- 
able, it may be necessary to limit the proportion of such 
late-season crops and to grow early-season crops, such as cereals, 
on much of the land. 

Effect of Character of Water Supply. — Seasonal use of water 
may have to be adjusted to the time at which water may be avail- 
able. The effect of the character of the water supply on the 
seasonal use is illustrated by the examples in Table XIX and 
Fig. 34, for typical California conditions. The monthly run-off 
and use are both expressed in terms of percentage of the total for 
the year. As the use by the canals shown is less than the total 
run-off of the streams from which they divert, the percentage of 
annual use in some months may exceed the percentage of the 
annual run-off for the same months. 

Fresno River has a drainage area of relatively low elevation. 
The precipitation occurs during the winter months, mainly in the 
form of rain. Run-off diminishes rapidly after the end of the 
rainy season. Use by the Madera Canal and Irrigation Co. is 


sugar beets, potatoes, and corn 


Sv0ar 

beei's 


Potatoes 


AlfcJiIfa 


Wheat 


Oats 


Corn 


■ 


j 

1 

] 

■ 

1 ^ 

■ 

I 

■ 



^1 

■ 



■ 


■ 


H 



May June July Au^. Sept. Oct. 

Fia. 33. — Diagram representing the 
seasonal use of water on various crops in 
Cache Valley, Utah. (Ilarria.^) 
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adjusted to the time of run-off with a larger early-season diversion 
than that under the Turlock Irrigation District which has a 
similar growing season. Diversions from Fresno River are 
dependent on the direct flow, as storage has not been con- 
structed. Many users under this canal secure additional water 
by pumping from wells; such well water is not included in the use 
shown. 
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Fig. 34,— Effect of tho character of water supply on the seasonal use for irrigation 
for typical California conditions. 


The San Joaquin River has a large drainage area of high eleva- 
tion on which the precipitation occurs largely as snow. Melting 
occurs so as to result in large run-off in the early summer months. 
Use by the San Joaquin and Kings River Canal, which has an 
early right on this stream, occurs largely during the main summer 
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months of direct crop demand. Some diversion, mainly for 
pasturage, is made throughout the year. The use by this system 
is well adjusted to the character of water supply. In recent 
years storage for power use has increased the loW“Water stream 
flow. 

Table XIX.— Effect of the Charactek of Water Suppi^y on the 
Seasonal Use for Irrigation for Typical California Conditions 

Percontase of mean annual run-off and diversion for irrigation 
occurring in each month 

Stream and 


canal system 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept- 

Oct. 

Nov. 

Dec. 

Fresno Eiver .... 
Madera Canal 

7.1 

18.4 

24.4 

17.4 

14.2 

7.9 

2.3 

0.6 

0.3 

1.6 

2.1 

3.8 

and Irrigation 
Co 

2 

3.6 

10 

31 

27 

14 

4 

0.6 

0.6 

0.6 

0.6 

0.5 

Ban Joaquin 













River 

Ban J oaquin and 

5.5 

5.0 

9.0 

13.3 

23.4 

24.2 

10 

3.2 

1.6 

1.3 

1.6 

2.1 

Kings River 
Canal 

2 

3 

5 

12 

17 

18 

17 

8 

6 

5 

4 

3 

Tuolumne River 
Turlock Irriga- 

C.2 

6.S 

11.2 

15.0 

23.0 

21,9 

8.1 

1.6 

0.6 

1.2 

1.0 

2.6 

tion District: 
Before storage 
construction. 
After storage 

0 

0 

8 

17 

27 

24 

17 

3 

2 

2 


0 

construction . 

0 

0 

7 

10 

17 

19 

18 

15 

9 

4 

1 

Stony Creek .... 

18.5 

23, G 

27.0 

11.9 

6.8 

2.4 

0.7 

0.6 

0.2 

0.7 

3.4 

6.3 

Orlaiid Project. . 


1 

3 

9 

17 

18 

20 

18 

12 

2 



Average use by 













small plants 
pumping from 
wells in the 
Sacramento 
Valley 

1 

1 . 

3 

7 

11 

15 

18 

20 

13 

9 

1 

1 


The Tuolumne River is also a snow-fed stream. For the earlier 
years of its operation, the Turlock Irrigation District adjusted its 
use to the available natural flow supplemented by a small amount 
of regulating storage. Use resulted in a rise of the ground water 
with some sub4rrigation in parts of the district. Owing to the 
limitations on the late-summer water supply, storage was con- 
structed. With late-summer water available, there is less need 
for large early-season use. The change in use due to storage is 
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well illustrated by the records of this district. Storage permits 
increased yields from the later cuttings of alfalfa and greater 
diversity of other crops. 
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Fia. 35.-— Usual distribution of uso during tbo irrigation season for different 
general areas in the western XJuited States. 


The Orland Project of the TJ. S. Bureau of Reclamation secures 
its water supply from Stony Creek, a rainfall stream of the C^oast 
Range. Storage was constructed as a part of the project. Sea- 
sonal use has little relationship to the time of run-off of this 
stream, as the storage regulation is sufEcient to permit use in 
accordance with the crop demands. 

Where the irrigation supply is obtained by pumping from wells 
on the lands irrigated, the supply is continuously available and 
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Table XX.— Pbbcbntagb of Total Seasonal Demand foe Deliveby 
TO Faems Delifebed in Each Month. Typical Results fob 
Different Climatic Conditions in Western States 


Area 


Jan. Feb. 


Mar. 


Apr. 


Great Plains 
area, Mon- 
tana to Col- 
orado and 
bordering 
states to 
east: 

Sh.orter-season 
localities. . . 

Ijonger-season 
localities. . . 

Great Basin and 
Upper Co- 
lumbia and 
Upper Colo- 
rado River 
drainage 
areas: 

Shorter-season 
localities . . . 

Longer-season 
localities. . . 

Texas, New Mex> 
ico, Arizona, 
and South- 
ern Cali- 
fornia: 

Shorter-season 
localities, . . 

Longer-season 
localities. . - 

Lower Columbia 
River Basin: 

Average condi-1 
tions 

Central Cali- 
fornia: 

Average con- 
ditions, San 
Joaquin Val- 
ley 


Average con- 
ditions, 
Sacramento 
Valley 


May 


June 


10 


11 


23 


14 


18 


17 


16 


July 


30 


14 


18 


18 


20 


Aug. 


40 

30 


35 

25 


20 

14 


20 


18 


22 


Sept. 


18 

25 


12 

13 


18 


16 


20 


Oct. 


Nov., 


2 

10 


6 

10 


4 

10 


10 


10 


12 


Dec. 
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use can be adjusted to the crop needs. The average seasonal use 
for pumping plants serving a diversity of crops in the Sacramento 
Valley is also shown in Fig. 34. As these results are based on the 
amount of power used rather than direct measurements of the 
water pumped, the winter use shown is at least partly for other 
uses of power charged on the agricultural-use ra le, A larger rela- 
tive use in the later-summer months is shown than under canals 
subject to limitations in their late-season water supply. 

General Seasonal Use. — Table XX and Fig. 35 show gener- 
alized seasonal use for different areas in the western states. 
These estimates are a composite of those presented in the various 
references at the end of this chapter and of other data. 

The results shown in Table XX and Fig. 35 illustrate the extent 
of the differences that occur in the distribution of use under 
different climatic conditions. In the higher altitudes of the 
Great Plains areas the growing season is short and the rainfall 
meets the early-season needs. Consequently the irrigation 
season is confined almost wholly to the 3 months from June to 
August. In lower altitudes and where crops needing late sum- 
mer water, such as sugar beets, are grown, the demand is more 
evenly distributed over a longer period. 

In the more southern areas, the growing season is longer and the 
irrigation season may extend from 8 to 12 months. The crop 
demand for moisture in the San Joaquin and Sacramento Valley 
is similar but the larger rainfall in the Sacramento Valley reduces 
the early-season irrigation demand. Where irrigation continues 
throughout the entire year, the demand may be evenly distributed 
with the use in no month exceeding twice the annual average. 

CONSUMPTIVE USE 

Consumptive use is the quantity of water transpired by plants 
and evaporated from the crop-producing land. While such items 
of moisture supply pass into the atmosphere and return in some 
form at some place, they are consumed or lost from the point of 
view of the area to which the water has been applied. The 
amount of the consumptive use is dependent on the kind of crop, 
soil, and climatic conditions. It may also vary with the crop 
yield, although large yields may be obtained from fertile soils 
without exceeding the consumptive use for smaller yields on 
poor soils. 
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Moisture transpired or evaporated may have its origin in 
irrigation, rainfall, or stored soil moisture. In defining numerical 
values, it is necessary to specify the basis used. For local 
estimates it may be sufficient to know the consumptive use from 
irrigation alone. For comparison with other areas the soil 
moisture stored during the non-growing season and the rainfall 
during the crop season also need to be known. It is also 
essential to know the basis used in determining the crop area 
and whether the result is the gross area or the net area actually 
in crops. 

Consumptive use may be measured in pots or tanks, on field 
experimental plots, for whole farms, for projects, or for general 
valley areas. Determinations in pots are under more close 
control for measurement but the results are not directly applicable 
to field conditions. Field experimental plots can be used where 
deep percolation and surface waste are prevented and account is 
taken of changes in soil moisture by means of soil-moisture 
samples. Use of larger areas give results more directly applicable 
to usual conditions. For such larger areas it is necessary to be 
able to control or measure all sources of moisture supply and 
escape. 

For areas of single farms or fields, consumptive use will be 
somewhat less than the smaller values of reasonable use that have 
been given for different crops on medium- soils in Chap. IV. For 
usual agricultural crops, consumptive use is largest for the forage 
types of crops and less for orchards and annual crops. Some 
types of special crops and plants have larger amounts of consump- 
tive use; for rice with continuous submergence conditions are 
very favorable for large transpiration and evaporation, and con- 
sumptive use may amount to 4 to acre-feet per acre for 
California conditions. Observations on tules indicate a consump- 
tive use as large as 8 to 10 acre-feet per acre. For any crop, con- 
sumptive use varies with the temperature, length of growing 
season, and humidity. 

Records of consumptive use on large areas usually show smaller 
numerical values than results on plots or individual farms. The 
large areas include crops of small yield as well as those of average 
or better production. Most experimeiits on small areas are made 
on selected fields of better than average yield. The irrigated 
areas for projects or valleys are also determined with less com- 
plete exclusion of unused portions and may represent a larger 
area than that from which actual moisture loss occurs. 
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Records of consumptive use for large areas in the mountain 
states are shown in Table The length of growing season 

between frosts is a general index of the climatic factors. The 
crops grown on these areas are mainly forage and cereals, with 
some sugar beets and potatoes in the areas of longer season. 
These results illustrate the extent to which consumptive use may 
be less than the usual rates of delivery to the land. 

Records of consumptive use for areas in the San Joaquin Valley 
in California indicate a consumptive use, exclusive of rainfall, of 
about 1.7 acre-feet per acre, for areas mainly in trees and vines, 
to 2.0 to 2.26 acre-feet per acre, for areas containing diversified 
crops including a large proportion of alfalfa. For these areas the 
mean annual rainfall is about 9 in., occurring during the winter 
months. Temperature conditions permit some growth during 
the rainy season. 


Table XXL — Consumptive Use for Larob Arkah in the Mountain 

States 


Area 

State 

Area 

irrigated, 

acres 

Mean 

total 

animal 

rainfall, 

inches 

Average 
length of 
growing 
HcaHon 

b<^twe(nl 

frosts, 

days 

Consumptive use, 
acre-feet per acre 

Irriga- 

tion 

wat(*r 

only 

Irrigation 
plus crop 
season 

rainfall 

Little Laramie 

Wyo. 

28,000 

14 

96 

0.96 

1.26 

North Park 

Colo. 

120,000 

10 

00 

1.0 

1.2 

South Platte: 







Kersey to Julesburg 

Colo. 

229,000 

14 

145 

1 . 16 

1.9 

With tributary valleys 


1,100,000 

14 

1 146 

1.25 

! 1.8 

Cache la Poudre 

Colo. 

220,000 

14 

135 

1.25 

1.8 

Sevier 

Utah 

65,000 

8 

110 

1.3 

1 1.6 

Boise: 







Mason Creek 

Idaho 

13,660 

11 

165 

1.2 

1.4 

Part of Boise project 


49,090 

11 

166 

1.3 

1.6 


DETERMINATIONS OF WATER REQUIREMENTS 

Determinations of the water requirements of irrigation projects 
may be needed both in advance of construction in order to provide 
the necessary water supply and after completion in connection 
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with the planning of betterments, such as storage, or in the 
establishment of the title to the water use. Title to use of water 
for irrigation in nearly all irrigated areas in the United States is 
based on beneficial use. The standards followed in such deter- 
minations are usually those of reasonable use under the local 
conditions. 

The numerical illustrations that have been given illustrate the 
amounts of use that may be required under various conditions. 
As pointed out in the accompanying discussions, they also empha- 
size the extent of variations in the amount of use caused by local 
factors and the necessity of basing determinations of use on such 
local conditions rather than on general averages. 

Records of actual use of any large number of individual users 
lander a canal system having fairly uniform conditions of soil and 
crops usually show wide variations. Such variations are found in 
a.reas where water is scarce and expensive as well as where it is 
jalentiful and cheap. They represent the results of individual 
variations in ideas regarding irrigation needs and in skill and care 
in applying water. For similar conditions the use of water by the 
SO per cent of the farms using the largest amounts may be nearly 
double the use by the 20 per cent using the smallest amounts. 
DReasonable use is generally represented by an amount of use 
somewhat smaller than the average use. Where water is avail- 
a,ble, use is seldom less than the amount needed and the average 
aase contains some farms on which overuse occurs. 

While the use of water in irrigation is subject to many variable 
factors which make it difficult to determine a reasonable standard 
of use, such determinations are required in the proper planning of 
ia-rigation systems and in the administration of the use of the 
limited water supplies of the western states. Failure correctly to 
forecast the water requirements of lands under new canal systems 
has led to losses in some cases by constructing canals larger than 
needed and more often by underestimating the requirements with 
resulting additional costs for supplemental water supplies. 
Sxxfficient experience and information are now available so that 
water-requirement estimates should be made within a margin of 
accuracy similar to that obtained in estimates of the available 
water supply. 

An estimate of the water requirement of an irrigation system 
can be assembled by a consideration, first, of the factors affecting 
bhe net use, followed by estimates of the conveyance losses. An 
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estimate of the net use requires a forecast of the types of crops to 
be grown. While individual farms may have their entire area in 
the crop of largest use, on canals covering large ureas the average 
division of crops can be used to estimate the net requirement. 
Net use is most conveniently estimated in terms of acre-feet per 
acre per season. Distribution of crops may l)e estimated in per- 
centage of the total area or in tot^al acr(\s wliere the area served is 
known. Seasonal distribution of use should be estimated for each 
crop type. 

Where the soils are fairly uniform, an averjige value of the net 
use may be used. Where the soil variations are sufficient to 
affect the use, determination of the exicmt (ff the different soils 
should be made wiiii estimates of the net. use for eacli type. 

The results of estimates of the details of use (am be combined to 
give the resulting total demand by montlis. Such monthly 
estimates are usually adequate. For critical |>eriods, half months 
or occasionally weekly demands may be tis(Ml. While such a 
method of estimating water requinunents involves much detail, 
it represents a consistent use of the factors iliat affect the actual 
practice and is essential if the resulting estimate is to approach 
the actual use coiTCctly. 

Estimates of conveyance losses can be simihirly built up, 
based on the length and size of (ianals and t he (diaract er of con- 
struction. A more det.ailed discussion of the factors affecting 
conveyance losses is given in VoL II of this series. 

Where estimates of water requirements are made for systems 
in advance of their construction, the raters of use a.re of necessity 
based on experience in other areas, ('are should be used to see 
that the results of other experience so uschI are from areas in 
which the conditions are comparable. Where estimates are 
made for existing systems for purposes of water-supply better- 
ment or legal determinations, the actual experiemee on the local 
area is available. Some adaptation of i)ast records of use on a 
canal system may be needed in estimating its futtire needs. The 
effect of changing ground-water conditions in either reducing or 
increasing use should be considered; future crops may differ 
from those of the past and the average practice usually tends to 
improve as lands are more carefully prepared for irrigation. 

The water requirements of projects are usually based on the 
needs for delivery to the lands including reasonable surface 
waste and deep-percolation losses. Where such losses can be 
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recovered for reuse within the area served, the requirement will 
approach the value of the consumptive use. Deep-percolation 
losses usually require artificial drainage for their removal. In the 
past such drainage has usually been discharged from the area 
from which it was collected without reuse. In recent years, 
drainage by pumping has come into use on a number of systems. 
Where such drainage pumping is delivered into the canals for 
reuse in irrigation, the diversion requirements are correspondingly 
reduced. The conditions for such recovery and reuse, both 
physical and economic, should be considered in planning the 
water supply of any irrigation system. 
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PREPARATION OF LAND FOR IRRIGATION AND 
METHODS OF APPLICATION 

The application of water to la-nd, by 1 he usual methods of 
irrigation, requires that the hind be prepared to permit the uniform 
distribution of water. Irrigable hind varies in its smoothness 
and regularity of slope and in its a,daptability to irrigation. 
When prepared for irrigation, t he sloi)e should be smooth, free 
from depressions in whicdi watiu* will collcuit and from knolls 
which cannot be adequately covered by the waier. 

Lands on the floor of large valleys usually have smooth sur- 
faces with regular slopes well adapted to irrigation. For loose 
sandy soils subject to wind drifting tlie topography may consist 
of ridges, knolls, and depressions. In th(‘ u|)per parts of large 
valleys, in small valleys, in foot lull n,reas, and on the bench 
lands along streams, the action of ruin und running water may 
result in irregular rolling land, cut by eliannels and gullies. 

All methods of irrigafion re(juire ekntring of the land of its 
native vegetation. The smoothing ami kweling of the surface 
and the construction of the distril>iition system vary with the 
method of irrigation used. The (M[uipnKmt used for land leveling 
is similar for all methods of a.ppli(ait ion. As the conditions of 
topography, crop, vsoil, and permissil>le ensts vary widely through- 
out the irrigated areas, a numl)er of differcmt methods of irrigation 
have been developed, each of which has its field of usefulness. 

CLEARING LAND 

Land cleared for irrigation may reipiin^ the removal of trees, 
brush, sod, or cobbles. Dry-farmed html v/hich may be placed 
under irrigation requires no further clearing. Qlmber is not a 
usual growth on irrigable lands, a-s moistairc conditions resulting 
in its growth are such t.hat irrigation is not usual on such lands 
when cleared. Some clearing of timber is requireil for areas along 
streams, or in areas of large winter precipit ation wliere summer 
rainfall is lacking. The usual veg(d,ation on the arid and semi- 
arid lands prepared for irrigation consists of some of the varieties 

1*20 
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of brush (Fig. 36). Sufficiently dense sod to be a factor in proper 
land preparation may occur on low lands or in the Great Plains 
areas having well-sustained early summer rainfall. Cobbles 
occur on lands adjacent to streams or on some types of residual 
soils. 

The most common forms of brush are sage brush, greasewood, 
chaparral, scrub oak and pine, mesquite, and cactus. Native 
vegetation is adapted to its environment and different types of 
growth frequently serve as an indication of the soil conditions. 
Sage brush indicates lands of generally good qualiiy ; greasewood 
occurs more often on lands of heavy texture and larger alkali 
content. Various alkali-resistant plants indicate the amount and 
concentration of alkali. The native vegetation is frequently used 



Pig. 36. — Typical native vegetation of sage and rabbit brush on irrigable land. 

as the basis of judgment regarding the quality of irrigable land 
and, when correlated with local experience, is a useful aid in land 
classification. 

Small brush up to 18 to 24 in. in height may be removed by 
plowing. Larger brush may be plowed but the difficulty of 
handling the equipment on the brushy areas reduces the economy 
of this method. Following plowing, the brush requires pulling 
and raking for burning. Usual contract prices for such work 
have been about $3.00 per acre for plowing, plus $1.50 per acre for 
collecting and burning. Hand clearing for brush of medium 
size and not too dense stand may be contracted for about $5.00 
per acre. On land smooth enough to flood without leveling, sage 
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brush, may be killed by irrigation and burned. This method 
requires a longer period for clearing and is applicable only where 
time for its use is available. 

A method of removing brush frequently used is that known as 
''railing.’' A railroad rail 12 to 16 ft, long is dragged across the 
land, usually in both directions. The brush is broken off or 
torn out and piled and burned. This method is best adapted 
to use when the ground is dry or frozen. Power is attached to 
each end of the rail. Sometimes the rail is bent to a V-shape to 
give more power in breaking and pulling out the brush. Railing 
and burning may cost $2.50 to $4.00 per acre. 

Clearing loose stone and cobbles consists of hauling away the 
stones large enough to interfere with cultivation. The stones 
removed may be used for building rock-wall fences or dumped on 
unused land. Costs may amount to $25 to $50 per acre or even 
higher where much stone has to be removed. Stony lands may 
be used for pasturage without requiring such clearing. 

With lands in heavy sod the tufts of broken sod interfere with 
final smoothing of the surface and preparation of the seed bed. 
Such lands are usually kept in annual crops for 1 to 2 years before " 
completing their preparation for irrigation. Contract prices 
for breaking sod lands are usually $3 to $5 per acre. 

Sandy soils subject to blowing are expensive to handle.^ 
Sufficient wind movement to cause blowing, particularly during 
spring months, occurs in many irrigated areas. Only limited 
areas should be exposed to wind action at any time; these should 
be prepared and seeded to a quick-growing crop such as rye. 
Alfalfa may be seeded in the young rye or after its harvest in the 
stubble. Disking in straw reduces or prevents blowing and 
enables a stand to be secured under usual conditions. Where 
the land is generally smooth, it may be cleared and leveled in 
alternate strips, the uncleared strip serving as a windbreak for 
the cleared strips. After the crop is established on the cleared 
strips, the remaining area is cleared and seeded. Listing the soil 
at right angles to the prevailing winds is often used where sandy 
lands are left without crop. Blowing occurs most readily from 
smooth soil surfaces. Any roughness such as listing or straw 
may reduce the wind velocity in contact with the soil below that 
required for movement. 

Stump Removal. — Several methods are used for the removal of 
stumps on logged-off land. Such lands may furnish pasturage 
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for at least part of the year without requiring the removal of the 
stumps. For cultivated crops the roots need to be removed to 
below the depth of plowing. Stumps up to 6 to 8 in. in diameter 
are economically removed by hand grubbing. Stump pullers 
operated by horses or by donkey engines are also used.^ For 
large stumps, splitting with powder and pulling the pieces 
separately is usual. Land containing stumps up to 24 in. in 
diameter can be cleared with pullers and powder for $50 to $150 
per acre. In the northwest, with dense stands and large numbers 
of stumps, per acre costs may exceed these amounts. An engine 
stump-pulling outfit costs $4,000 to $5,000 and is economical 
only where sufficient areas are to be cleared to justify the cost of 
equipment. Such outfits are more usually owned by clearing 
contractors. 

Lands containing 30 or more stumps per acre varying from 2 
ft. to as large as 8 ft. in diameter are more economically cleared 
by burning. Some method by which the fire works into the body 
of the stump and into the roots is required. The char-pit 
method consists of clearing the bark from around the stump 
at the ground line, piling chips and bark around the stump, 
starting the fire, and covering with soil so that combustion takes 
place under conditions of deficient draft with burning or charring 
through the stump. This method requires soil heavy enough to 
bake on heating and drying so that the seal will not be lost. To 
aid in the burning, holes may be bored through the stump or it 
may be cut above ground and the upper portion lifted to permit 
access of the heat to the center. Other methods of burning 
consist of the use of stump burners by which a hole is burned 
through the stump which is then charred from the center by 
maintaining the fire in the hole burned through.® Burning 
methods, while slow, do not require expensive equipment and are 
adapted to use as time may be available from other activities. 
Burning methods cost from $10 to $75 per acre. Clearing by 
burning should not be undertaken for 3 or 4 years after logging 
off, as green stumps are difficult to burn. 

LAND LEVELING AND SMOOTHING 

The object of this operation is the shaping of the surface to 
permit the application to the land of water supplied from the 
system of field ditches. On well-leveled land the water will be 
easily and uniformly distributed over the land and the waste of 
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water will be a miniuiuiti. When the leveliiiK is poorly done, 
leaving the surface n>ugh or irn^gular, iiiore Iabt)r will be 
required to distribute the watei', low spois will receive 
an excess and high knolls a deficient supply, some parts of the 
land will receive more water than others with a loss by deep 
percolation, and there will be increased costs, waste of water, and 
unequal and reduced crop yields. The ad<led (i.vixmse of careful 
leveling is more than repair! by the results ohtainc'd. This is 
generally recognized and the t:end(‘ncy of irrigation priictice is 
toward more thorough work in land preparation. 

Cost limitations require that the inetlnKl of irrigation be 
adapted to the laiid surface so as to rtalucc* tlu^ ext ent of leveling 
required. Land leveling should be prc'crnkul by the ])lanning and 
location of the distribution syst em and a,rra.ng('menl; of field areas. 
Such planning, when carcvfully done, will result in fitting the irriga- 
tion system more closely to t he original topography with reduced 
amounts of grading. 

On all except evenly sloping land, a toi)ographic map is essential 
to careful planning for methods iiu'oh'ing shai>ing t he land into 
check areas of continuous .slope or into knaded l)aain.s. Such 
maps should be on a scale of 100 to 200 ft. to th(^ inch, with a 
contour interval of (5 in. to 1 ft. Th(i cost for mapping will vary 
from 10.50 to $2.00 per acre, deptmding on 1 hc^ an'a to be covered 
and the roughness. The cost of maptnng is only a small per- 
centage of the cost of preparing land. Hucli a map will save 
much more than its cost on rough land in tlu^ nnluced cost 
of leveling resulting from its u.se. 

The amount of grading recpiin'd and t luj ecpiipment used will 
depend on the character of the soil, the topograi)hy, the method 
of irrigation, and the area to be prepanui Land with a subsoil 
differing from the surface soil cannot be h<>avily graded without 
resulting in a variable surface. Such vtiriations may consist of 
the exposure of hardpan, coarse soil, or tight clays having different 
fertility and moisture properties from the surface soil with result- 
ing spotted yields and variable irrigation nuiuirements. 

Equipment used for land leveling has passed through the same 
stages of development as that used for other farm operations. 
Earlier types were adapted to use with the smaller number of 
stock usual in other farm work. Larger typers of horse-drawn 
equipment led to the use of tractf)r-drawn implement.s. Such 
power equipment tended to larger horsepower in the earlier years 
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of its use. More recently development has been largely toward 
lines of equipment adapted for use with the smaller tractors used 
permanently on the farms with 50- to 75-hp. outfits used for large 
areas or heavy work. 

The most generally used implement is the Fresno scraper 
(Fig. 37). This is used in two- or four-horse sizes where horse- 
drawn. The Fresno soraper is inexpensive and can be used for 
all classes of earthwork on the farm. It is a part of the perma- 
nent equipment of many irrigated farms. It may be used for 
light or heavy cuts and fills and is economical for hauls up to 
500 ft. 



Fig. 37. — Leveling the land surface with Fresno scraper. 


There are also a number of levelers similar to the Fresno scraper 
arranged to be tractor-drawn and operated from the front by the 
tractor driver through levers or lines (Fig. 38). 

Where the grading consists of smoothing undulations or 
hummocks with short hauls, a commonly used implement is some 
form of the buck- or tail-board scraper (Fig. 39). It is best 
suited to sandy soils and is extensively used for such lands. It 
consists of a scraper board about 2 ft. wide, shod on the cutting 
edge with a steel plate, and a tail or foot board with the necessary 
lever arrangement for regulating the angle of the scraper board 
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arid holdini*; it, in position. Tho lenj>;t,h depends on the power 
used, B ft. beinjL!; usual for 4 hors(\s, and 1() ft. for 12 head. 

For land consistinji; of hofi; wallows or sa,rid-l:)lown hiiinniocks 
around t cdinups of native vegetation where leveling is limited 




Flo. 38.“»*~Tract()r~(lrawn and oporaltHl Fronuo typo of land-1 nvtdiiig equipment. 
{(hnirieny of //. V, Sknw (Umipany, Stockton, Cnlif.) 

to short hauls in Hinoot.hing tlie surfacc^^ a useful implement is the 
recf,ang\dar scraper or loveler (Fig. 40). The size is adjusted to 
the power available. Its elTectivcuiess is proportional to its 


Fua 39. Bunk or taillmard Borapor. (Courtesy of Bureau of Agricultural Engi-- 

neenng, U* 8, Department of AgricultureA 

length, as a short length merely serves to smooth l.ho surface 
of the undulations without planing to an even slope. A usual 
size is 30 ft. long by 12 ft. wide with six crosspieces or scraiMirs, all 
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of 4 by 12 timber well braced and securely fastened. Cutting 
edges are faced with %-m. steel plates. One crosspiece may be 
adjustable by levers so that the weight may be thrown on it for 
additional cutting force on high areas. Such a leveler weighs 


Fig. 40. Rectangular land leveler. {Courtesy of Bureau of Agricultural Engi- 
neering, U. S. Department of Agriculture.) 

nearly 2,000 lb. and requires 16 horses or a tractor for its 
operation. 

A larger size of similar leveler with wheel traction is shown in 
Fig. 41. This is drawn with a tractor, the tractor operator 


Fig. 41. — Large braced rectangular leveler with wheel traction. 

adjusting the cut for the main cross blade by use of the wheel 
which projects within reach of the tractor seat. A combination 
steel leveler and scraper for use with tractors is shown in Fig. 42. 

For final finishing of the surface, various forms of floats are 
used (Fig. 43). Such floats are used for preparation of the seed 
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bed when crops are changed on land after its original preparation 
for irrigation. 'I'hey are usually made in sizes adapted to the 
use of the same powtjr us<'d in plowing. Floating does not move 
earth to any extent, hut smooths and compacts the surface. 
Floats are sonu't imes loa<led to give ad(le<l effect in compacting. 
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bulldozer type are also sometimes used in irrigation leveling for 
rough grading. 

Land leveling for irrigation is an operation required usually only 
once for an irrigated farm. For the average size of individual 
farm, the purchase of heavy equipment is not justified. Much 
land leveling is handled by contract with the landowner. 
Some lands have been prepared for irrigation prior to colonization. 
Contracts for land leveling can be brief and simple in form. The 
land to be leveled, the kind, size, slope, and location of checks, 
the levee work to be done, the location and extent of ditches to be 
built and the kind, number, and location of structures are 
included- The contract may cover land grading only, leaving 
the finishing and distribution system to be built by the landowner. 

Land-leveling contract prices are based on costs per acre. For 
the large number of cuts and fills required, determination of the 
earth moved in terms of cubic yards is impractical. While the 
finished elevation of the land may be definitely specified, it is not 
practical to bring the surface to an exact level or slope. For good 
land leveling, variations above or below the planned grade should 
not exceed 1 to 13 2 The best method of determining the 
character of the work is by an actual irrigation. This settles the 
fills and shows the high and low spots. By following such an 
irrigation promptly with the finishing leveling, the- initial crop 
can be planted so as to utilize the moisture from the trial irriga- 
tion. The opportunity for disagreement regarding the final 
finish of land leveling makes the protection of the landowner rest 
more fully in the dependability of the contractor than for many 
other types of work. In order that the owner may have the 
finishing work continued to bis satisfaction without controversy 
with the contractor, some leveling is handled on a daily rental 
basis for the use of the equipment. 

The. cost of land leveling varies widely. Land of even slope 
which requires only minor smoothing may be prepared for $3 to $5 
per acre in addition to the cost of clearing and of the distribution 
system. Where cross slope is removed from checks but where 
little general grading is required, costs may be S8 to $10 per 
acre. Where depressions are filled and knolls leveled down, the 
cost increases rapidly with the amount of grading required. 
Costs of $20 to $30 are usual for such land. Some lands have 
been leveled at costs of $50 to $100 per acre. While an owner 
may spend large costs per acre on a portion of his land in order to 
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METHODS OF APPLYINO WATER TO LAND 
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Wild flotidinj^ was gt’nttrally used for all iKtotied crop,s tmtil 
ccttnotnic conditions just ifind the tawtsttf the various tnethodsof 
chocking land. In those areas where conditions ixTinit checks 
to be used, there is some tendency toward a redutdion in the area 
wild-flooded. In some of tlie moiuitain stall's nearly all of the 
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area except that in furrow crops is wild-flooded. Checking 
methods are more generally used in the more southern irrigated 
states, where the longer seasons and greater number of irrigations 
make the saving in labor costs of applying water of larger relative 
importance. Furrows are used for orchard and row crops; a 
type of furrow practice, usually called '^corrugation,” is used in 
some areas for forage and cereal crops. Basins, either rectangu- 
lar or contour, are used in some orchard practice and on steep 
lands orchard may be planted on contours and irrigated with 
contour furrows. The surface-pipe method is a special method 
of flooding; sub-irrigation is practiced in delta areas in California 
and under some conditions in other states. Sprinkling for com- 
mercial crops is used to a limited extent in California and in the 
eastern states. 


WILD-FLOODING METHOD 

In the wild-flooding method, water is distributed from field 
ditches from which it flows over the ground, guided only by the 
slope of the land. The field ditches are located so as to reach all 
controlling elevations and ai'e spaced so that in flowing from one 
ditch to the next, the water will cover all of the cropped area. 
Other names used to describe the same method are flooding from 
j&eld laterals and free flooding. This method is the prevailing one 
for other than furrow or row crops in the mountain states. While 
the water is more difficult to control than in the various check 
methods of flooding, it- requires little expense for land preparation 
and can be adapted to steep or rough lands. Its principal 
disadvantage is the small head or stream which an irrigator can 
handle with the consequent large labor cost per irrigation. On 
this account, wild flooding is better adapted and more generally 
used in areas of relatively short growing season where not over 
two to four irrigations per season are needed. 

With the wild-flooding method, the distribution system con- 
sists of permanent-supply ditches, located along the higher 
boundaries of the field or on the ridges, and of field ditches placed 
at as regular intervals in the fiield as the topography will permit. 
Each field ditch serves a strip of land on one or both sides of the 
ditch, the water being checked in the field ditch by temporary 
dams and turned out through cuts in the ditch bank so that the 
land is fully covered as the water moves down the slope. With 
such annual crops as grain, the field ditches are usually made 
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contours so as to have a relatively fiat grade. The water diverted 
on to the land flows at right angles to the field ditches. With 
this method the field ditches may be placed 100 to 200 ft, apart 
on usual slopes without having excessive percolation losses near 
the points of turnout. Wider spacing is used on the heavier 
soils. Excess water or surface waste collects above the bank of 
the next lower ditch and may move along its bank to the waste 
ditch or be taken into the lower ditch and distributed on lower 
land. 

In Fig. 45 the supply ditches are located across the field on a 
fiat grade with the field ditches at right angles to the contours. 
Water is diverted on to the land from both sides of the field 
ditches. As the water tends to follow along the field ditches 
rather than to spread laterally, closer spacing is usual, varying 
from 60 to 80 ft. on fiat slopes to 40 to 60 ft. on steeper land. 
Waste water works down the length of the strip. 

Figure 46 illustrates an arrangement of field ditches at right 
angles to the sides of the field, which gives inteiunediate grades 
to the ditches and rectangular field areas. Water flows down the 
steepest slope diagonally to the direction of the ditches. The 
spacing of the field ditches is intermediate in amount to that used 
for the two other arrangements; spacings of 80 to 150 ft. would 
be typical. Waste water can be picked up in the lower ditches 
or will collect at the low side of the field. 

While Figs. 44, 45, and 46 illustrate the applications of the 
three types of field ditches on lands of regular slope, the same 
methods are applicable to uneven land. On steep land, closer 
spacing is needed to give more complete control; for such lands 
the field ditches should be run on a flat slope with spacings of 50 
to 60 ft. On coarse soils, closer spacings are needed; on sandy 
lands, water should not be run over the ground for more than 60 
to 80 ft. with the small sizes of heads usual with this method. 
On medium soils, the spacing of field ditches should be adjusted 
so that sets of not over 13 -^ to 2 hr. will cover the area served from 
each set; longer sets result in large deep-percolation loss on such 
soils. By proper adaptations, the wild-flooding method can be 
used on any soils or slopes that are irrigated. • It is best suited 
to medium soils on slopes of 6 to 12 in. per 100 ft. On heavy 
soils, it is difficult to avoid excessive waste; on coarse soils the 
small heads used make it difficult to avoid excessive deep- 
percolation losses. Wild flooding is used on slopes up to 10 per 
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cent, with occjiHiminl mvm an u.h 20 p('r cent.. On steep 
lands, shallow furrows are uk<‘< 1 for th(‘ first: irrijratlons until 
the crop can |)rotect. tin' soil from t^rosion. ''FIk'sc^ markings are 
partially retained in nuudi wild-flooded land, giving a mixture of 
wild-flooding and (nmm i>ractic(a 

Attcndanee on irrigaJam during tlie night is soinetimcKS not 
continuous with t h<‘ wild-llooding nud hod, so t liat t lu' handling of 
night sets is an essimtin! ekancmt in t la* li<‘ld-dii(di layouts. With 
dit,ches down tlu* Htet»p(‘sl slopt^ night s(ds mn l>e st artcal at the 
liead of the field. Htirfact* wnst<‘ may not oeeur InAoro morning. 
Any missed an^as can Im‘ covere<l from tlie fa^hi ditches during 
the day. With tla^ two (Uhcu^ arrangtmumts of clitches, openings 
for waste in the upper hanks of tlu‘ lowm* <lit ciu‘s will be needed, 
with dams for tla^ rinliversion of the wastra l>r€^ai<ing of 

dams in tlie night may r(\sult in larger loss l)y wust.e tlirough the 
ditclies. 

Where tlie water is allowed to r\in witlamt attention dtiring the 
night, meaHuremumtH show larger average deptlis of wat<n* a,pplied 
than whiU'C morc^ frr‘quent changes are ma(k‘. Fi)r good results 
in wild-flooding pract ic(% at least one <n’ t wo night cha,ng(^s should 
be made. Continuous night attemdanee is used in iho better 
practice, particularly wlaun^ litrgc* lH‘a,dH are Imndkai, 

Field <litcht‘s in the wild-flooding method occupy widtlis of 5 
to 8 ft. and may reduce thi^ <a’o|){)ed an^a by 4 to 6 p(‘r cent, 
depending on tlu‘ ditch spacing uscal. Tliis is largcu* than the 
similar lost cropped area with other methods cjf flooding, 

Althougli th(^ irrigalor m some wild-flooding |,)ractice may 
handle tlie water for tlu*, full 24 hr. o! tln^ du.y, using night, sets 
and making clmng(‘H as needed during tiie da^ytinu^, the labor 
cost of applicaticm liy tius metliod is rc4a.t1v(dy hirge (oving to the 
small stream Immlkal. labor involvaai is gr(*ater t<han with 

the m<4:liods of gnidial flooiJing in clua^ks. However, the exten- 
sive use of this met-hocl indicates thab its advantage's in low first 
cost of prepirrat^ion balances its diBa<lvantag('‘8, Wliile other 
methods arc replacing wnld flooding on some of fJie fhd*ter lands on 
which it was formerly usecl, a considerabh^ {larf, of thc^ area now 
wikl-fioocied is not well a<lapted to the otia^r floo<iing methods 
and wild flooding will continue to rcqiresent an important part of 
irrigation practice. 

Few permanent Htnuctures are uhchI in wild flooding.'^' l.)ivision 
boxes or cheek gatc^s used on the supply ditclieB may be perma- 



PREPARATION OF LAND FOR IRRIGATION 


135 


nent. For field ditches, temporary canvas, steel, or earth dams 
are used. The canvas dam (Fig. 47) is held in place by earth 
around its edges and the weight of the water. Steel dams 



Fig. 47. — Use of canvas dam in field ditch. {From Fortier and 


(Fig. 48) are forced into the sides and banks of the ditch. Earth 
dams may be built from dirt shoveled from the bottom of the 
ditch downstream from the dam or scraped from the ditch by 
horse-drawn jump shovels. When the earth dam is broken, 



Fig. 48. — Steel dam in earth ditch. 


much of the earth may wash back into place, but such dams 
result in gradually deepening the ditch. Steel dams are not well 
suited to ditches of uneven size or for gravelly ground. 


136 rsH (iF HiFFIATiiKX WATKi: 

Wilier in npplifHl b,v tuniotps frunt <*ai'*!i field dileh jibove the 
temporary dams. 11 h‘ turiHHMs are disirilmteil so tlml the full 
area is eovcaxal Sparing of lurmmts varit*H from 2d to i»() ft. 
dependiiiR* im tlie slnfH* of the laud and arranaemenls of the field 
dit.cdu\s. For tlu' larKta* slices of irri^ntinii; laaads, more tliau one 
fkdd ditch nmy he oiMU’ated at a timta I1a» si/a* and |>?rade of 
ditclies are diseuss(‘d in C’liap. Ml, 

The luaids ijamhed vary from I to I <n‘ o siaa-fi. (In medium 
soils for usual eomlilitnoa Imads of I b » to 2d> seia-fi. |rive the 
l)est rc^sults. With smallm' limieis, the wafer moves slowly a,rul 
deep |H‘rcolation (K'curs laaar llie tuTl ditelasH. I,arp‘r Insaals are 
more diffieidt to eoutrul and surface waste is often larfijm With 
li|j5:hter soils, soinmvhat larger Imads are prefendde, 'Vlip nveni^e 
deptli of individual irripuionsin the lietler wild-flooding^ practice 
is about 6 im 


BORDER METIlOl:) 

The bordiU’ metlnsl of elieekinii land for irrigation consists of 
long rnirrow strips, exiendinw liamtbwise down the natiirnl slojx^ 
and sepa, rubai hy paralkd levees or Isn-ders wliieli confine the 
flowing sheet of water within tin* strip as it runs down the hIo|x^, 
Water is ilelivercal int(» each strip from a field difeli at its up|)er 
end. 

This method is an imfirovenHatl on the wi!«idk>oding imiliodin 
tha,t, b}' guiding tlm flooding hy tlie llcdd lev«»eH, larger slremns can 
he handkal ami l<jnger lengths of run <n'er the ground nsmi with- 
out ex(a*ssive [lereoiaiion tosses. The* c(ihI of prepara, lion for 
border chc'eks is higlavr tTan lor wild Hooding Iiut tin* cost of 
applying water is taidmanlly less. 

Oilicw immf‘s used in some localifies to df^scritK* the sanic 
method are “strip eltecks/' ‘hihhon elieeksd’ ami “gravity 
checksd^ Klri|) amd rihhfui cheeks refer the shujx* of flu* field 
areas; the term gravity elieck is used to liistingiiiHh tliesc* sloping 
ediecks from tfa^ !i*vel nrmm of r«*elarigu!ar nr mmtotir c.heeks, 
liorder eliecks are usun,l!y run finralle! to lire siile of tJa^ field 
rather than al. right ujigles to llii:* emiloiirs in ordc*r to secure 
uniform lengilis a, ml a,rru.,ngenients of the checks am! to a. void 
small corixn^ areas. 

(diecks in ilw bordt‘r luelhoil are nmd,f‘ level I rn,nHvcrard>% bo 
that the wafer will flow oven* tlm wholi* widiti at i*veii dc^pth. 
The slope longitudinally is coritinuoiiH and prcferalily uniform; 
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variations in the rate of slope are used, ho\vever, in preference to 
incurring the cost of grading to a uniform slope for the entire 
length. Where the slope varies, the steeper grade should occur 
on the lower portion of the check. Flat grades on the lower end, 
where the remaining head available is reduced by the percolation 
on the upper end, will result in slower progress of the water and 
excess depths of ^plication. If marked differences in the rate of 
■slope occur, the lengths of the checks should be adjusted to the 
topography so that the widths and sizes of head may correspond 



to the slope. It is good practice to make the upper 20 to 30 ft. of 
the check level, so that the stream may spread evenly across the 
width of the check before the flow starts down the slope. Part of 
the earth from such leveling can be used in the banks of the supply 
ditch; on steep slopes or heavy soils low cross ridges may be used 
in the checks to reduce the velocity of flow down the chock. 

The adjustment of the slope to fit the land without excessive 
grading is illustrated by Fig. 49. The two upper profiles repre- 
sent more desirable slopes than the lower profile. 

Desirable slopes for border checks vary from 2 to 8 in. per 100 
ft. . Slopes as flat as 1 in. per 100 ft. or as steep as 2 to 3 ft. per 100 
ft. may be used but require adjustments in size of check and heads 
that may lose the advantages of the border method. Narrower 
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checks are used on the steeper slopes. Shorter checks are pref- 
erable on both fiat and steep slopes than on medium grades. 
Short checks on steep slopes permit readjustment of flow with 
less danger of erosion. For heavy soils, slopes from 1)^2 to not 
over 4 in, per 100 ft. are desirable; on medium soils the similar 
range is from 2 to 6 in.; while for sandy soils desirable slopes vary 
from 4 to 8 in. per 100 ft. 

The relative width and length of border checks vary but the 
check is always a long narrow strip. Usual ratios of length to 
width vary from 6:1 to 15:1. For small heads, checks as narrow 
as 24 ft. may be used. Formerly checks SO to 100 ft. in width 
were used with large heads; more usual present practice does not 
exceed 50 to 60 ft. with some 66-ft. widths. Lengths vary from 
200 ft. on steep or sandy land with small heads to 1,320 ft. on 
flat slopes of heavier soil. More usual lengths do not exceed 
660 ft. Many 40-acre fields arc divided into three or four lengths 
of 440 or 330 ft.; the tendency of present practice is toward 
shorter lengths and more careful control of the water. 

Table XXIII represents the recommended practice regarding 
the combinations of size of head and soil for principal soil types 
for California conditions. 


Table XXIII. — Sizes op Bordbb Checks^ 


Head of 
water 
delivered 
to each 
check, 
second- 
feet 

Soil types 

Sands 

1 . 

Loams 

(flay 

Width, 

feet 

Lenj>:th, 

feet 

Width, 

foot 

Length, 1 
feet ' ■ 

Width, 

Length, 

feet 

1 

20 to 30 

200 to 300 

30 

300 to 400 

30 

440 to 660 

1 to 2 

30 to 40 

300 to 400 

30 to 40 

440 to fiOO 

30 to 40 

660 

2 to 4 

30 to 40 

440 

40 

440 to 060 

50 

660 to 800 

4 to 8 

40 

440 to 600 

50 

660 to 880 

50 

880 to 1,320 


The size of stream handled varies from as small as 1 sec.-ft., 
where water is obtained from wells of limited capacity, to 15 to 
20 sec.-ft. under canal systems for lands well adapted to this 
method. For small heads the size of check is reduced and the 
entire flow used in one check at a time. For large heads three or 
more checks may be irrigated simultaneously. In some cases 
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10 sec .-ft. or more may be turned into a single check but more 
usually not over 5 to 6 sec.-ft. per check are used. The size of 
head used varies from 0.05 to 0.2 sec.-ft. per foot width of check. 
One irrigator may handle the entire stream, continuous 
attendance being usual with the larger heads. Where a canal 
system delivers heads of 15 to 20 sec.-ft., the time schedule is 
usually 30 to 20 min, per acre, so that the time spent in irrigation 
per farm is usually short. For such large heads, two irrigators are 
frequently used, one attending to the water in the field and one 
watching the field ditches. The size of head used per acre of area 
in a check will vary from 3 sec.-ft. in clays to 10 sec.-ft. in sandy 
loams and 20 sec.-ft, in gravelly loams. For clay soils 3 sec.-ft. 
may be used in a 1-acre check, for sandy loams 5 sec.-ft. in a 
acre check, and for gravelly loams 7 sec.-ft. in a 3^^-acre check. 

The border method is best adapted to soils which take water 
fairly readily so that the desired depth per irrigation may be 
absorbed from the water as it flows over the land. On heavy 
soils, waste from the lower ends will occur before the desired 
depth of absorption has been obtained, unless small heads are 
used on flat slopes. For medium to light soils the practice should 
be such that water is delivered into the checks for 40 to 90 min. 
Longer times of delivery will result in excess percolation at the 
upper end of the run. 

The border method is used on all flooded crops. It has the 
advantage over flat check methods that, where rotation of 
crops is followed, the slope and length of the borders may be used 
for furrow crops without releveling. For rotation to furrow 
crops the levees may be smoothed down or left with furrows 
on the levees. 

The field ridges or levees should be well rounded and no higher 
than needed to confine the flow. On well-prepared land of even 
slope the depth of the flowing water in the check should not 
exceed 4 to 6 in. ; levees of 6- to 10-in. settled height are adequate 
to control such flow. The side slopes of the levees should be 
rounded to facilitate movement of crop-handling equipment. A 
width of 5 to 8 ft. is usual. The area of the levee is not lost from 
crop production with such levees, as the water will extend well up 
on the sides of the levee and percolate laterally under its crown. 
Crop growth on well-made levees should be nearly as vigorous as 
in the area of the check. Levees may be formed by scraping soil 
from the surface of the check, working back and forth across the 
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checks or by the use of checkers consisting of V-shaped drags 
drawn with the wide end forward, the rear end having an opening 
equal to the desired width of the levee (Elg. 50). Smoothing 
floats may be used to finish the levee. Care should be used with 
all methods to avoid leaving depressions in the check along the 
levees in which the water may collect and flow, leaving some of the 
center uncovered. 

A system of border checks worked out to fit the topography of 
the land is shown in Fig. 51. A similar illustration where part of 
the farm was prepared in border checks is shown in Fig. 52. 
The arrangement, widths, and lengths of the checks were adjusted 
to the conditions in the different parts of each tract. 



Fia. SO.— Building small loveos for border method of irrigation in Idaho, 

{For tier 


Permanent structures are usual in the ditches for checking the 
flow and for delivery into each check. One check structure 
across the ditch may raise the water for delivery into several 
checks. The side or levee gates delivering into each check may be 
of wood or concrete. Typical structures are described in Chap. 
VII. For small heads, canvas or steel dams may be used 
in the supply ditch and cuts made in the ditch bank for delivery 
to each check. 

Flow into the check is usually shut off somewhat before the 
water reaches the lower end, the water flowing down the check 
being sufficient to complete the irrigation. Provision for preven- 
tion or removal of waste water should be made at the lower end of 
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the checks. This may be done by stopping the levees before 
the lower end is reached, to permit cross spreading of waste water, 
by a drainage ditch across the lower end of the checks, or by tak- 
ing the waste into the next lower ditch through the upper-ditch 
bank. 



gg Lateral & ttralu Combined 
Chock Levees 

Euxto-WS 

ooo Tjees 


CO Xapbox 
Check 

o Road Culvert 
a Lateral OuIv.ex!b 


Fig. 51. — Farm laid out for border method of irrigation. 


The cost of preparing land for border cheeks varies from $10 to 
$30 per acre for land well adapted to this method. On land 
requiring no general grading, ditches, structures, and levees will 
cost $8 to $15 per acre. Where grading is required to secure 
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the desired slope of the checks, this method may cost |50 per 
acr(i. Some lands have been prepared by this method at costs 
as high as $75 to $100 per acre. 


Soalo 

o'l!&'50' lOO' 200' soo' 



Flo. 62 .— Farm plaxi showini?: adaiitation of border, contour, and rectangular 
chock rnothods of irrigation. 


EECTANGULAR AKB CONTOXTR CHECKS 

Rectangular and contour checks consist of level or nearly level 
areas surrounded by levees in which the water applied may be 
ponded until absorbed. The distinction between the rectangular 
and the contour checks is one of shape. The term ^'rectangular 


PREPARATION OP LAND FOR IRRIGATION 


143 


check^' is used to describe lands prepared in areas which are 
rectangular in shape and also at right angles to the sides of the 
field. Contour checks have such shape as the irregularity of the 
topography may produce. Contour checks may be rectangular 
where the contours are straight but are not usually called rectan- 
gular checks unless the contours are at right angles to the sides 
of the field. 

There are several types of practice for which such checks are 
used. For the intensively cultivated individual farm the land 
within the check is leveled with a degree of care similar to that 
used for border checks. These are the rectangular and contour 
checks to which most of the following discussion applies. For 
rice irrigation in California a type of contour check is used which 
is not leveled within the check. For overflow lands, large areas 
may be enclosed with levees 2 to 3 ft. high in order to retain over- 
flow flood water for annual crops or pasturage. Differences of 
elevation of 1 or 2 ft. may occur within such checks. Contour 
checks when applied to very steep land become a form of terrac- 
ing. Economic conditions in the United States have not made it 
profitable to terrace irrigated hillside land as extensively as it has 
been done in some countries. 

Well-prepared rectangular and contour checks are used for any 
flooded crops. They are also used at times for crops usually 
irrigated in furrows, such as cotton and sugar beets, where the 
row crops are grown in rotation with grain or alfalfa. Such 
checks are better suited to the heavier soils where water may need 
to stand on the land for several hours in order to secure adequate 
absorption or on very light soils subject to erosion if irrigated by 
slope methods. For heavy land the time of ponding should be 
limited so that scalding of the crop does not occur. Much 
wind-blown sandy soil has a rough surface but no regular slope. 
Such lands can be more cheaply prepared in rectangular checks 
than in slope methods. With properly prepared checks, practi- 
cally as large heads can be handled as with border checks. Where 
only small heads are available, checks as small as acre may be 
used. With large heads the leveling costs control the size except 
on very flat lands so that usual better practice does not exceed 1 
acre per check. For large overflow checks, the sizes of head 
handled may exceed 50 sec.-ft. 

Fields 2 and 3 in Fig. 52 illustrate these two types of checks. 
Field 2 is prepared in contour checks and field 3 in rectangular 
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checks. Figure 53 represents a typical arrangement of contour 
checks with field ditches delivering directly into each check. 
The resulting irregularity of size of (he individual checks illus- 
trates one of the disadvan(.ages of this method. Figure 54 is a 
well-prepared field in contour checks for alfalfa. 



Flo. S3.— Farm liiiil out for contour cheek method of irriKation with ditchea 
dolivoriuK water to eaeli check. 

As the area within each check is Icwtded, t hese methods are 
beat suited to land having only slope {UKUigh for desirable ditch 
grades. For steeper lands either narrowc'r checks in the direction 
of the slope or greater differences in ekivation between adjacent 
checks are required. A grade of 3 to 15 ft. per mile or to 4 
in. per 100 ft. is well adapted to such checks. The difference in 
elevation between adjacent checks does not, usually exceed 6 or 
8 in. This limits the width of checks to 66 ft. or less on lands 
having slopes of over 9 to 12 in. per 100 ft. Sl;eeper land is pref- 
erably prepared for other methods. 
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The desirable ratios of length to width may vary from 1 to 1 for 
square checks t(^ about 4 to 1 on steeper land. Rectangular and 
contour checks should have smaller ratios of length to width than 
border checks, as the water does not flow so readily across the 
flat slope of the checks. On flat lands, s(|iiarc checks have the 
shortest distance of flow to reach the fa,rthest portion of the check 
for any given area of check. This resulis in the use of square 
checks on much flat land of coarse soil. Such checks may vary 
from 60 to 200 ft. square, the lattf'r having an area, of nearly 1 
acre. Greater length in proportion to width results in less 
frequent spacing of field ditches. Lengths should not (exceed 
300 to 400 ft. even on impervious soils. Acre checks approxi- 



PiG, 54. — Contour eliccks in alfulfu. 


mately 150 by 300 or 100 by 400 or smaller cliecks having ratios of 
length from 2:1 to 4:1 are typical. 

Water should be delivered directly into each check. Ditches 
are run down the slope and may deliver into checks on each side, 
giving a ditch spacing equal to twice the length of the check. 
On heavier soils, water may be run from one clicck 1,0 the next 
lower one through boxes in the levees. This may be done in 
irregular areas to avoid too many field ditches but should be 
limited to short distances. 

Rectangular and contotir checks should be neaily level longitu- 
dinally. However, as absorption will begin at the inlet end as 
soon as water is turned in and continue while water is reaching the 
farther end, it is advisable to make the farther end from 1 to 2 in. 
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lower than the inlet, so that the difference in depth of ponding 
may tend to balance the cliffer(>nce in absorption while filliiis- 

Levees for those checks arc similar to t hos(' used for border 
checks, except that the levee on the contour includes the differ- 
ence in elevation of the axljacc'iit checks, hlarth for the levee is 
taken from the high side of the lower check. 

A special type of contour chcjck is used in rice irrigat ion in 
California (Fig. 55). Levees ai-e run on contours at about ()..‘l-ft. 
difference in elevation. The anai within t,he clu'ck is not levcded, 
the cross slope of the check being taken up in th(\ diffcu-ence in 

j the d(>pth of ponding. (Toss 
l('V(H‘s t.o divider tlui length of the 
clu'cks are not. generally used; 
water is delivcued to the highest 
check in t.he lield and cai’ried 
from clu'ck to check through 
gates set at; intervals in th(‘ lev- 
(les. The rice is grown on soils 
which are nearly, if not entirely, 
impervious so tliat this practice 
can be used; on usual soils it 
would result in excessive percolation losses. 

The cost of preparing land for rtmtangular or contour check.s 
varies with tlie extent of cut on t,he high side and fill on t,he low 
side. On land of small and regular slope, the coat, may b(^ nearly 
as small as for border checks on the same land; for irregular 
direction of slope or for flat lands, rc'ctangular and contour 
checks will cost less tihan borckus. Unless the contours are 
straight and at right angles t.o t lie fudd l)oundarie8, rectangular 
checks require diagonal grading with higher costs than contour 
checks. Flat land of even surface may bt' prei)ar('d for lifS to $15 
per acre; coats of $20 to $50 pern acire are frt!qu(mt.ly reejuired 
for steeper slopes or irregular surface's. 

BASIN METHOD 

The basin method of irrigation represents the special applica- 
tion of rectangular and contour checks to orchards. The checks 
are made small enough so that leveling within each basin is not 
required. It is also usual to remove the ridges in the cultivations 
after each irrigation and rebuild them for the succeeding api)lica- 
tion. Until recently, most basin checks were rectangular, usually 
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square, containing one tree; now contour checks containing 
groups of trees are also used in a number of localities. 

For the irrigation of orchards, either flooding in basins or the 
use of furrows represents the choice usually available. Practice 
is not clearly divided regarding the conditions for which either 
of these methods is used. Local custom is frequently a large 
factor in the practice. In general, basins are used for conditions 
less well adapted to furrows. These include heavy soils, where 
the wetting of the partial area in the furrows makes it difficult to 
secure sufficient absorption, and the porous soils where excess 



Fig. 56 . — Ilidger used in preparing orchards for basin irrigation. {Courtesy 
of Division of Irrigation Investigations and Practice^ California Agricultural 
Experiment Station, 


percolation occurs at the upper end of the furrows with limited 
cross-capillary movement. Steeper lands are not well suited 
to usual basin practice, although special forms of basin may be 
combined with contour furrowing or terracing. Basins are 
more generally used in the southwestern states. In California, 
basins are more often used in deciduous than in citrus practice. 
Basin checks enable a larger head of water to be handled than 
furrows do and have an advantage where it is desired to irrigate 
an entire orchard quickly at a certain stage of growth. Basins 
are also used for winter irrigation where moisture storage. up to 
the full capacity of the soil is desired. 

While the area of the basins is sufficiently small so that leveling 
within the basin is not required, it is usual to throw earth toward 
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the trees in th(' eull ivnlinn so ;is (o jn-nleel lii<‘ I rank from direct 
coniiict wit h ( lu‘ \va|<‘r wium (hehasin is lilled. Such contact 
may l)e liarinl'nl to th(‘ l'■ees. 

Tlie riilses aiv made l).v llirowiiif;; eartli from (lu' sides toward 
the center. As the soil lias usually been euKivalml, the surface 
mulch is used. Double disks, or ri.laers, either home or factory 
ma,de, ma,y be used. \\ here eaidi basin eonlains oiii' tr(‘(‘, ridc;es 
are made in bolli directions in the centm- of each tree row. The 
breaks made by I he ero.ss ridiu'n,!;' ari' closed iiy hand shovidinfi;, or 
a .jump shoveler may h(> drawn hidiiml the ridjiiufi; (Hiuipment 
which is used for this [lurpose (l’i»'. .atl). Where contour basins 
are used, tlie orehanl is .surveyed <in eonlonrs at about ().2-ft. 



I^ID, f)?. floulDiir huHtUM in urchanl h\ 
(’uliFonna, 


VUL oS. ■■ Biwiu iiTi^tafiDu (if orchard 
with dif.ch ticlivcririK water to each 

iaiHiii. 


difforBiicc' in located vvlud’t'vcr ihey may come among 

the trees. 1'lie ridge's are I lam huill as nearly aloiiK these con- 
tours us the position of (la* tives will permit (Idia:. "W). In order 
to replace such rid>!;es for laler irrifiiations without resurveying, 
the trees are ma rked wil li different colors, ( hi' ridnes heins built ori 
the left or risht of all trees liavinji; lh(> siuik' cidor. ('ross ritlKos 
should be. used every four fo .six tree rows. Sueh eontouring 
has been mainly apjilied to old orehards where leviding could not 
be done. For new orchards some levtding liefore planting will 
give more regular basins; if earrii'd far enough, such leviding may 
approach contour furrowing in apjx'sirance. 

Two met hods of delivering water to reel angular basins are msed. 
More uniform disiribiition cun lx* olitained by delivery directly 
to each liasin as in l-’ig. fiH. As lh»‘ ditches are rnadi*' from the 
dry surface soil resuhing from cultivation, eonfroi of the flow 
repuiros constant aliimtion. 'I he other method consists of run- 
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ning water from basin to basin. This may result in excess appli- 
cation in the upper basins. On heavy soils, water may be run 
from four to six tree rows across basins without material disadvan- 
tage. In some practice where permanent basins with summer 
cover crops are used, the ditches between basins become compact 
and represent better practice than running water across the 
basins. 

There is little cost for land preparation for the basin method, as 
land leveling other than the general smoothing that would be 
needed for cultivation is not required. The ridging for each 
irrigation costs 50 to 75 cts. per acre. 

SURFACE-PIPE METHOD 

The surface-pipe method of irrigation consists of the con- 
veyance of water to the individual field areas in slip-joint metal 
pipe placed on the surface for each irrigation. Water is supplied 
to the surface pipe from permanent pipe lines. The use of the 
surface-pipe method is largely limited to irrigation from wells 
where the pumping lift and pressure for delivery are obtained in 
one pumping operation. This method resembles the wild- 
flooding method with the field ditches replaced by the temporary 
pipe lines. The land does not require checking or leveling except 
general smoothing, as the water can be conveyed to the undula- 
tions or knolls under pressure. The surface-pipe method is 
particularly adapted to land of somewhat rough surface which 
has subsoil conditions that prevent the heavy grading needed 
for other methods and where only small heads are available. 

The surface-pipe method is used in the California areas secur- 
ing water from wells and to a less extent in other areas. It is 
mainly used for alfalfa on lands requiring only one irrigation per 
cutting which is applied after cutting, when the crop does not 
interfere with the handling of the pipe (Fig. 59). It is not 
adapted to use when the crop is high, owing to trampling and 
greater labor in handling. Slip-joint pipe may also be used in 
place of field ditches in basin irrigation of orchards or for delivery 
into small checks for other crops. Such practice represents a 
method of delivery of water rather than a method of irrigation. 
Slip-joint pipe is also made with openings with slide gates along 
its length for delivery into furrows. 

Eight- or ten-in. pipe diameters are usual. Where small 
streams are available, some 4- or 6-in. pipe is used. An irrigator 
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WATER 


lO-iii. 


can hajulk' 8- or 

two irrigalors 


. , . . , ( .. 10-ft. lengths.' Larger ninp 

KHiuiK's wo iuig.1 ois. u> size of pipe and usable velocities 
,m,l IJ» ..™la lmi» Ini I ,. I „r 3 

KHHI tiMM , U‘ RH d i I t n V of drying between irrigations and 
shorter life balance i s hav.^r hrst cost and it is now seldom used 
The stiuHlan -weigh ga Ivitni^.oci surface pipe with slip-joint ends 
costs about 10 CIS for .S-.n arxd 60 cts. pL foot for lO-in SS 
under usual conditums. hor the smaller sizes 24- or 26-gaL 
mef,al is usihI and 20- or 22-p;a,g:e for the 8- or 10-in. sizes 
I'he irrigator can work awuy from the source of supply in 
apiilying water by this mid hod. When the area at the end of the 



Fkl 59.- irriK^t/ion, (Courtesy of Division of Irrigation 

Imk'sHgniwnn awl /’’mdiVr, f *afi/o7'7tf.<z jLgriculturaZ Experiment Station.) 


fiedd pipc> liiiK hmi cuiverecl, two to four additional lengths are 
connected and the m^Ki lirem flooded. The pipe is connected 
without stopping t flow* T’'h.e pipe can be also connected across 
the field with irrigutinn towaxd the supply, disconnecting the 
pipe as each area is w(*i» ''^Phe pipe is also disconnected without 
shut.iing off th(> flow. Foriancrly, galvanized iron elbows closed 
with wooden hloc^ks Wf*rr^ uhchI to deliver water from the supply 
lines to the field a picco of canvas being used as a flexible 
connection between tia^ cdbow and the first section of pipe. 
Present praciiee coiiHiHiH mainly of the use of portable hydrants 
(Big. 60 ). These |M^ntut openiog and closing the valves in the 
distributing stand whik^ t he fieldl pipe is connected. Two port- 
able hydrants niay iiseci, the one in use not being closed until 
the other has been eonnectc^d and started in use. Valves in the 
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distributing stands which permit larger flow are used for surface- 
pipe irrigation than those used for furrows. The usual costs for 
such valves are about $4 for 8-in. to $6 for 12-in. sizes. The port- 
able hydrants cost about $20 to $25 for the 8- and 12-in. 
sizes, respectively. 

The surface-pipe method is the most laborious of the flooding 
methods. The small heads used limit the area an irrigator can 



Fxcj. 60. — Cross section of stand pipe, alfalfa valve, and portable hydrant. 

cover in a day. The handling of the pipe represents an added 
labor compared to other methods. Its use is limited mainly 
to locations of scarce or expensive water where the saving in 
percolation losses compared to the use of field ditches or in land 
leveling balances the added cost of application. It is often used 
on farms where the main area is furrow-irrigated from pipe lines 
and the surface pipe is used on the part of the area flooded. 

FURROW METHOD 

The furrow method of irrigation consists of the application of 
water in small ditches or furrows in which water is run so as to 
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secure sufficient moistening of tlie soil. It differs from the flood- 
ing methods in that water is applied to only a portion of the soil 
surface. 

The furrow method is us(al in orchards, for crops grown in rows, 
and for forage a,nd cereal crops where th(' soil or topography is not 
suited to flooding. Wit^h orchards, tlu^ tree spacing permits a 
relatively wide choice in ihe numlxa' and arrangement of the 
furrows used. For row crops, i.lie row s|)a(‘.ing determines the 
furrow spacing. For uniform distribution of water, the furrows 
must be spaced sufficiently close to give a.d(a|ua,te la-terail penetra- 
tion in the depth of soil containing tlu^ roots of the crop; the 
length of t he furrows must be adjust-cHl so tliat. excessive loss does- 
not occur from deep p(n‘colation a.t tlu' h(‘ad of t he furrows before 
adequate^ moisture has reached t,he 1ow(M‘ end; and the flow ir 
each furrow must be properly controlled and rc^gulated to give 
the desired depth of irrigation. 

Water is conveyed l,o the hetid of the ftirrows in ditches, flumes 
or pipers. Usual lengths of furre>ws are' 330 t o GOO ft. On heavj 
soils some furrows may b(^ as long as 1,320 ftu l)ut, it is difficult tc 
regulate the flow in such furrows, and a hungth of 660 ft. is pref- 
(arable even in soils which absorb watm* slowly. In coarse- 
textured soils, furrow’'s as short a.s loO ft. tnay l)e recjuired if excess 
ix^rcolation at the upper emd is to Ix' prevtait^CHl. 

By limiting thc! size of st ream us(xl in eii(‘h furrow, this methoc 
may be used on steep hinds. Furrows ar(‘ used on the steepesi 
lands which are irrigated. While nea.rly all lands which it ii 
desired t.o irrigate have slopes of less than 2 pen* cent, irrigation ii 
practiced in some cases on slopc^s as st.(xq) as 10 or even 20 pe: 
cent. On steep lands, systians of zig/.agging may be used or th 
grades of the furrows may be reduccMl by running diagonally to thi 
slope of the land. HowevcT, it is generally preferable to rui 
the furrows straight down the steepest, slope and avoid erosion b;; 
the use of small streams. If furrows diagonal to thc slope breal 
over, the wat<er follows the slope of the land to tlu^ nc^xt furrov 
below and the augmenterl flow will usually cause erosion 
Furrows down tlu^ slope seddom break ov(u* and the water can hi 
adjusted to follow the course of the furrow without injury. Fo 
usual conditions a grade in the furrows of 3 to 6 in. per 100 ft. i 
desirable. Flatter grades require short furrows to secure uniforn 
distribution. While thc furrow is equivalent to a small ditch th 
small siise of the furrow results in much smaller velocities than i] 
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usual sizes of farm ditches and requires steeper grades to obtain 
effective results. 

The spacing of row crops varies. Sugar beets are planted with 
spacings from 18 to 24 in. ; the rows in potatoes, corn, and cotton 
are more usually 3 to ft. apart. The narrow spacing of 
sugar beets limits the size of furrow which can be made without 
covering the plants. On land of uneven slope, a good deal of 
cross flooding frequently occurs in beets, giving a mixture of 
flooding and furrow practice. With potatoes the rowing out 
of the crop results in wide deep furrows in which larger areas of 
absorption can be secured. In orchards planted on the usual 
20- to 24-ft. tree spacings, four furrows per tree row are typical of 
usual practice. With young trees one or two furrows close to the 
tree are usual; as the tree grows and extends its root system, the 
entire space between tree rows should be moistened. With 
mature trees it is difficult to get furrows within 3 or 4 ft. of the 
tree rows, which gives a spacing of 6 to 8 ft. across the tree row. 
It is difficult to secure lateral percolation across such spacing. 

In order to secure better moisture distribution in the tree 
rows, various forms of cross furrowing are used. Typical cross- 
furrow practice is shown in Fig. 61. In Fig. 61 furrows are made 

in the direction of flatter slope ■ 

in the orchard with cross fur- 
rows in the center of each tree 
row. Water is run in the cen- 
ter furrows and flows into the 
cross furrows where it stands 
until absorbed. On steep 
lands, dams may be needed 
along the center furrows to 

force water into the cross fur- Fm/ ei.— Cross furrowing in orchard, 
rows. This in effect gives a 

corrugated basin with the advantages of more complete spread 
of the water without the disadvantages of complete wetting and 
baking of the surface soil. Cultivation can follow irrigation more 
quickly on cross-furrowed land than with basins. 

Where furrows are used for forage and grain crops, the practice 
is usually called the “corrugation method.”'^ This practice is 
extensively used in the northwest on lands which may erode under 
flooding and which tend to bake. The corrugations avoid 
wetting the entire soil surface and can be handled on steep slopes 
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without erosion. The corrugiition method is tm adaptation of the 
furrow method to crops wh<u*(» the furi-ows (%n,nnot be cultivated 
after irrigation. Tlu' furrows in <h(‘ c(u*niga;tion method are 
relatively shiillow. In alfalfa on saruiy lands, ck^aning of the 
furrows may be needtal nhvr eacli ending; for ot her soils cleaning 
once per season is usual, Th<^ spacing of t he corrugations varies 
from II 2 h> fl'* stealing, tlu^ corrugations may be 

spaced 1<S in. with altt^rna.h' fun*ovvs aljandoiHal after stand 
has become est4il)lishcHl. For usual (a)iulitions, s|)acing of 20 to 
24 in. residis in quicker cross j)(u*(a4atlon and mure effective 
distribution than spacing of 2^^ to ft. 

Furrows are generally made by at iachnumts on the ecpiipment 
used in cultivation, the earth from tla^ furrow binng crowded to 
the sides. On steep slop(\s a, rough furrow aids in rOarding the 
flow. Where th('! slope is small or wlaue a sjuall furrow is used as 
in corrugation, it may !)e d<*sirable lo smool h ( 1 h‘ furrow to aid the 
flow, and furrowing skals sudi as (hat shown in Fig. (>2 are used. 



The total size of stream handled by an irrigator in the furrow 
method varies from a part of a second-foot to 2 or s(K,n-ft. For 
steep areas the heads vary froni a fc‘W min<*r's inchc^s as in the 
foothill fruit areas of California to to sec.-ft. Head of 
M sec.-ft. are representative of usual practice, 

The stream used iu each furrow also varies. For the* relatively 
large furrows of such crops m i>otai<H*s, 0.06 to 0.08 sec.-ft. per 
furrow may be used. For usual ct>nditi(ms the flow ikt furrow 
does not exceed 1 miner^s inch or 0.02 sec.-ft. pc^r furrow. On 
heavy soils or steep slofn^e the flow {x^r furrow may be only 
Moo sec.-ft., or ^4 miner’s inch. The area supplied furrow, 
the stream xised, and the tiine of delivery lire adjusted to give the 
depth of irrigation desired. The stream used iK*r furrow is 
limited by the amount of absorption that will occur from the fur- 
row, While the initial absorption occurs as the water works 
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through the furrow may result in slow progress^ after water has 
reached the lower end the rate of absorption may be so small that 
long times of set are required to secure adequate depth of absorp- 
tion. On very heavy soils, in some cases, sets as long as 3 or 4 
days are used. Much orchard practice uses sets of 24 hr.; 
6 to 12 hr. are representative of the shorter periods for soils that 
take water readily. 

A furrow serving an area 6 ft. wide and 660 ft. long receiving a 
flow of 1 miner^s inch or 0.02 sec.-ft. will receive an average depth 
of irrigation of 1 in. for each 4i/^-hr. water runs in the furrow. 
On medium soils such a flow would be absorbed in such a furrow 
and a 24-hr. set would give a desirable depth of irrigation. A 
larger flow until water has reached the lower end, which is then 
reduced to the amount of absorption, will improve the uniformity 
of distribution. For heavier soils, smaller flows and longer times 
would be used. For smaller spacing or lengths, smaller streams 
or shorter times should be used. 

DISTRIBUTION OF WATER TO FURROWS 

The field-distribution system for furrows is adjusted to the 
topography. For regular slopes a rectangular system of distribu- 
tion can be used with the field lines spaced in accordance with the 
length of furrow used. For irregular slopes the distribution 
system is located so as to cover the ridges with the furrows run- 
ning from the controlling elevations. 

The distribution system may consist of earth ditches, flumes, or 
pipe. Different methods of dividing the water into each furrow 
may also be used. Each of these methods has its field of 
usefulness. 

Earth Ditches. — Water may be delivered to furrows from earth 
ditches through shovel cuts in the bank. The flow in the ditch 
is checked with dams similar to those used in wild flooding. This 
method has a low first cost but requires more care and attention 
during the irrigation, with a consequent increased labor cost. It 
is also difficult to secure a uniform distribution between furrows. 
This method is frequently used where land usually irrigated by 
flooding is planted in row crops for 1 to 3 years in the crop rota- 
tion. For such conditions the cost of the more accurate methods 
of division may not be justified for the short period of use. 

The water may be delivered directly from the supply ditch to 
each furrow or to a group of furrows. The latter method per- 



156 


UME OF IRRIGATION WATER 


mits a aecondiiry regulation and reduces the opportunity for 
excess diversion to any f>:roup of furrows by erosion of the 
opening. 


An improvement over the open-cut turnouts for delivery from 
earth ditches consists of the use of tubes set in the ditch bank 
(Fig. 63). With tubes of e(jual size set the same distance below 
the water surface, relatively uniform flow into each furrow is 
obtained. Fhc tubes may consist of sejuure openings made of 



uuu or various 


norms 01 pipe. 
The lath l ubes are usually made 
of four pieces 1> ^ by 3 2 in., giv- 
ing an elTect ive opening of about 
1 S(]. in. and a discharge of about 
1 miner’s inch per tube. A 
length of 21 2 to 3 ft. is sufficient 
to extend through the bank of 
the small ditches used. Gal- 
vanized pipe is also used for this 
puriiose. Such tubes are fre- 
quently used with the corruga- 
tion method or for rot.ated crops where furrows are used for 


Fig. ()3.- - Lath tuhoH (loliveriiiK water 
to furrowH from earth ditch. 


periods equivalent to the useful life of the tubes. 

Flumes. Wooden hea,cl flumes set on the ground or supported 

across depressions may l)e used. ^ dhese consist of t hree boards of 



Fig. 64. Uhc of Bmall wooden flumes for delivery of w ater to furrows in the irriga- 
tion of alfalfa hy the corrugation metliod in WaBhington. 


1 by 12 in. or 1 by 8 in., with holes boi'ed in the sides fitted with 
light galvanised iron slide gates (Fig. 64). On rough lands where 
small heads are handled, two boards may be used forming a 
triangular flume. Such flumes have been extensively used in the 
northwest. The useful life varies from 6 to 8 years under usual 
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conditions of operation. Where lumber costs are low, this 
represents an economical practice. 

Concrete flumes have been used in much of the early California 
citrus practice. Delivery 
from the flume is made 
through galvanized spouts or 
tubes % to l}i in. in diameter 
inserted in the side of the 
flume before the concrete 
hardens. Checks may be 
placed across the flume to 
give more uniform flow to 
each furrow (Fig. 65). The 
usual sizes vary from 8 by 11 
to 12 by 24 in. costing 20 to 
30 cts. per lineal foot. Such 
flumes represent desirable 
practice where water is valu- 
able and furrows are to be 
used permanently as in 
orchards. While much con- 
crete flume is still in use, very 
little new flume is now being 
installed, concrete pipe having replaced the flumes for conditions 
where concrete is used. 

Concrete Pipe. — Concrete pipe is extensively used for delivery 
to furrows where permanent construction is desired. Such 
pipe systems have the advantage over flumes that, since they are 
buried, no land is lost from cultivation and use along the pipe 
lines. Less handwork is required in completing the furrows for 
the stands used with such pipe than with flumes. A typical 
arrangement of a concrete-pipe system is shown in Fig. 66. Such 
a system^ includes the same elements of supply and distribution 
lines and structures as for open-channel systems. The pipes 
are buried so as to have an earth covering of at least 1 ft. over the 
top of the pipe. In areas subject to freezing, greater cover should 
be used. 

At the head of each tree row and in line with the trees, a distrib- 
uting stand is connected to the supply line (Fig. 67). In walnut 
orchards where the trees are spaced 40 to 60 ft. apart, an inter- 
mediate stand is often used. Supply lines are required at spac- 



Fig. 65. — Concrete flume for delivery of 
water to furrows. 
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ings equal to the length of furrows. Drainage valves should ■» 
placed in depressions and at the end of lines, so that silt or 
may be flushed out or the pipe drained to prevent freezing 
areas of low winter temperature. ^ 
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Fig. 6tS.-*"Con(^roto*-pipc Bystem of dintribution for furrow irrigation of mi orciia^^ 


In Figs. 68 and 69 arc shown diflerent arrangements of distri^]^ 
uting and control stends used in concrete-pipe systems. Figxxi-^ 
68 includes a general diagram of a pipe-line system and standi^ ^ 

Water is received from tilie 



Fig. 67.“-Di8tribution stands on 
conoroto-pipe system sot in lino of 
tree rows. 


source of supply under SFiffi^ 
cient pressure to rise foi- 
distribution in the higliest dis- 
tributing stand. At interv^a^ls 
along the pipe line^ control 
stands are used to regulate the 
pressure in the supply Kne. 
These may have a sli’de gate on 
the outlet side of thc^ cont-3X>l 
stand or a pressure gate on the 
inlet side, as shown in the two 
illustrations in Fig, 69, The 


stands with the gate on the outlet side have to extend above the 
pressure level of the water in the supply line. For the qualit^r of 
pipe formerly used in many systems, such pressures should not 
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exceed 15 ft. For the character of pipe now more generally used 
the pipe can withstand larger pressures. However, for conveni- 
ence in hanging the gates, such stands are usually inserted in the 




Types of Distnbutin0 S+c«nds 

Fig, 68. — Details of concrete-pipe systems. 



supply lines at differences of elevation of not over 6 to 8 ft. and on 
flat lands may be placed at smaller differences to avoid too great 
distances between points of regulation. The pressure gates are 
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equipped with or wedg;es (,o hold tlie gate in place against the 
upstifcain water pressure. Such gates do not give any relief to the 
pressures that may be caused by closing the gate quickly. For 
such relief a vent pipe may be attached to ihe supply line above 
the gate. 

Several vaiioiies of distributing stands are used. Three types 
are shown in Fig. 68. Typo A consists of a riser pipe attached to 
the supply line and extending to the ground level. Surrounding 
the riser pipe is an enlarged basin with the distributing gates 



Fta. 70,' — DiHlributiiig Htarid for doUvory to furrows from concroto-pip© system 
showing method of oonstruntiou. 


serving the individual furrows. Tlie riser is saddled over 
an opening in the supply line. A valve set in the top of the riser 
pipe rt^guhiies the flow entering each dist:.ributing stand. Figure 
70 is a picture of such a stand, cut away to show its construction. 
The riser may be 6- or 84n. pipe, the basin may be 14 or 16 in. 
in diameter. 

Type B stand consists of a single size of riser pipe in which the 
valve is inserted and from which the distributing gates deliver to 
each furrow. While this type is simpler to construct than Type 
A, it has the disadvantage of giving less distance between the 
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distributing gates, with increased difficulty in keeping the flow to 
each furrow separate. It is also more diflBlcult to saddle the riser 
pipe on to the supply line when the diameter of the riser pipe is 
equal to that of the supply line. Instead of a separate distrib- 
uting gate for each furrow, much practice now attaches metal 
pipe with gates for each furrow to a larger distributing gate in 
the stand as shown in Fig. 71. Such pipes are removed between 
irrigations. This method eliminates the handwork of connecting 
the furrows with the stand. 

Type C represents a capped stand in which a concrete cap 
closes the top of the riser pipe. This avoids the use of the valve 


1 



Fig. 71. — Concrete-pipe system for furrows in orchard with removable metal 
pipes having gates for each furrow. (JJouTtesy of Diviaion of Irrigation In’oeatiga- 
tions and Practice, California Agricultural Experiment Elation,) 


in the stand but subjects the stand to the full water pressure of the 
supply line. In this stand the distributing gates need to be of 
heavier construction. The gates are placed on the outside of 
the stand. For Types A and B the distributing gates are usually 
placed on the inside of the stand where they are not liable to 
injury by the implements used in cultivation. 

Many other varieties of distributing stands are used.^ On land 
of small and even slope, open stands without valves can be used if 
control stands are placed at 12- to 18-in. difference in elevation to 
control the pressure so that the distributing stands will not over- 
flow. Such overflow systems were formerly more generally 
used than at present, as the certainty of control with the valve 
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justifies the added cost. Distributing stands having u basin 
made of one-half of a 30-in. pipe or jin oval biisin of similar 
may be used where more t.han four (list ributing gates are d(\sirt»^^ 
On steep side hills each dist ributing stand may be eombiru'd vvit.ii 
an overflow so that excessive pressure cannot accumulate in ti-^e 
supply line. 

A detail of one type of valve is also shown in Fig. 68. Ruo.b 
valves may be supported from below the v;ilv(! S('at, as shown, , jr 
an overarch may be used. Some valves ar(> made so that, 
support and valve may both be removed when unobstructed fio'w 
is desired. This type is more gcuierally used in flooding from pipe 
lines than for furrow practice. 

General costs for the accessories used with concrete-pipe sys- 
tems for delivery to furrows are shown in the following tables. 
Costs of concrete pipe are discussed in Clini). VII. 'riie gnl- 
vanized-iron distributing gales are used for delivery from the 
stands to the furrows. The smallest sizes are us(‘(l for delivery to 
single furrows; the larger sizes arc used wheuv pipas arc at tacho<l 
to the outlet of the gate for delivery to more than one furrow. 
The valves are those used in the distributing stands to cont rol th<‘ 
flow into the stand from the supply line, fl'he uruhuiirch valvt'^H 
have the valve-stem support, bemealh tlm valve 0 })ening as iij 
Fig. 68. The high-seat valve ha.s 1;he valve st (un supported above 
and outside the valve opening, frhe slide gates aiv t hose for une 
in control stands where the pressure of the wai(>r t(>nds to hold 
the gate against its seat, 'i^hey are of light construction and are 
not watertight under pressures from t.ho oppositti dirfudion. 'I'he 
pressure gates have screw or gear arrangtunenls for wedging t he 
gate against its seat so that the gate is tight against, pressure 
tending to push it away from its s((at, 'The distributing slatulis 
refer to the types as designated in Fig. 68. 

Cost op Galvanized-iron DiHTiiimiTmo Catkh 


Diameter 

(bnt 

of Opening, 

pcir 

Inches 


1 

$0.08 

IH 

0.10 

2 

0.11 

3 

0.35 

4 

0.45 
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Cost of Valves 


Number of valve 

Size of opening 

Cost pc 

‘r valve 

ITnderarch type 

lligli-Hciit. type 

6 

3K 

$0.75 

$1. 15 

8 

5 

0.90 

1.40 

10 

Q}4 

1 . 50 

2.00 

12 

8 

2.50 

i 3 . 00 

14 

10 

4.00 

4.25 


Cost of Gates 


Size of 

Cast-iron 

(,'ast-iron 

opening, 

slide 

I>i’essur(.i 

inches 

ga.t(?s 

gai(^s 

6 

$2.35 

S (i.OO 

8 

2.90 

8.00 

10 

4.30 

11.00 

12 

5.50 

15.00 

14 

6.00 

21.00 

16 

! 9.00 

2(i.00 


Type 

A. . 

B. . 

C. , 


Cost of Distkibuting Stands (Complete 

C.V>st 

$ 3.50 

3.00 

2.00 


Pipe Other than Concrete. — Wood, vitrified-clay, or siieel pipe 
may be used for delivery to furrows. Vitrified-clay pipe is more 
brittle than concrete and, as it is usually more expensive than 
concrete pipe, it is used to only a limited extent in irrigation. 
Such clay pipe will not stand largo prcvssun^s; it is, liowever, 
resistant to alkali. The larger cost of steed pipe and of the con- 
nection of stands limits its use for delivery to furrows. In 
a few areas where irrigation water is delivered under pressure, 
steel pipe with faucets at each tree row is used. The water 
delivered by each faucet may be discharged into a concrete basin 
similar to the upper portion of Type A (Fig, 68) for distribution 
to furrows. Surface slip- joint pipe may also be used with furrow 
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slide gates as in Fig. 72. Such furrow gates attached to steel 
pipe cost 25 to 30 cts. each for the 1- to 2-in. sizes. 

Machine-banded wood stave pipe is used in some areas of steep 
or rough land where pressures may exceed those for which ordi- 
nary concrete pipe is suited. Wood pipe may be tapped for 
deliveries to furrows by screwing in ordinary gardcui faucets or 
by the use of wooden plugs as in Fig. 73. ddie wood pipe may be 
either buried or laid aboveground. Its higher first cost and 



Fig. 72. — Steel surfaee pipe with side Kiu. 73.- Delivery to furruwH from 
gates for delivery to furrows. wood Htave i)ii>e. 


generally shorter life make the use of concrete usually prefer- 
able for conditions to whicli both typers of pipe are adapted, 

COKTOXJR FURROWS 

For steep lands planted in orchards, a practice known as 
^‘contour furrowing^’ has been developed. "Pliis is a combination 
of contour checks and furrows. The land is prepan^d in strips of 
the width of one tree row located nearly |)a.rallel to t he contours 
but with enough slope to provide grade for tiie furrows. Furrows 
are used to irrigate these strips. This met hod reduces the cost of 
leveling, permits the ai)plication of water with less risk of cross 
washing than for similar furrows without contouring, and avoids 
deep cuts on shallow soils. It has been used for many new plant- 
ings of orchards in California (Fig. 74), It is not. applicable to 
old orchards, as the regularity of planting jiffects the grading. 
The trees may be uniformly spaced along a grade contour to give 
irregular cross rows; they may be spaced irregularly on a uniform 
grade contour to give straight, cross rows, or t he grades of the 
contours may be varied to give straight cross rowB.^ Where the 
slope varies, it may be necessary to pinch out or add a tree row. 
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Both flumes and pipe distribution systems are used. Field 
lines run down the steepest slopes. Frequent control stands are 
i’<H|uired for pipe distribution and in some practice each stand is 



Flo. 74. — Orchard planted on contour furrows in California. {Courtesy oj 
Dmision of Irrigation Investigations and Practice, California Agricultural Experi- 
ment Station.) J 



Fio. 75, — Desirable grades for contour planting of orchards. {Huberty and 

Brown.^) 


made to act as an overflow stand so that excess pressure cannot 
accumulate in the line. Four furrows per tree row are frequently 
used ; in some cases for shallow soils over impervious subsoils one 
furrow on the uphill side is used to sub-irrigate the contour. 
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On very steep land the trees may be set in pockets or small basins 
filled from a single furrow on the uphill side. 

In order to get water through the furrows without too much 
seepage down the slope, fairly steep grades are used. The grades 
vary with the soil. Desirable grades are indicated by Fig. 75.^ 
For usual conditions, grades of 1 to 2 per cent should be used. 
Furrow lengths vary from 300 to 600 ft. 

SPRINKLING METHODS 

Various methods of sprinkling have long been in use for lawns 
and gardens. Some applications of sprinkling to crops have been 



Fig. 76. — Rotary sprinkling method of irrigation in a California orchard. 

{WadaworthM) 

made. The necessarily high cost of most of these methods 
limits their application to conditions of scarcity and high cost of 
water and high value of crops. Such conditions occur in some 
portions of southern California and many sprinkling installations 
have been made there. Some supplemental irrigation is also 
practiced in humid areas in the eastern United States. Smaller 
depths of irrigation can be more uniformly distributed with the 
sprinkling method than with other met-hods. Surface waste and 
deep-percolation losses can be prevented, Elvaporation losses 
may be relatively large under arid conditions. 

Various arrangements of sprinklers are used.^^ The installa- 
tions may be movable or permanent. For permanently placed 
systems the sprinklers are placed above the tops of the plants and 
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also high enoiigli to permit operation of farm equipment. For 
orchards, sprinklers are placed above the trees. In several 
systems of sprinkling, vertical pipes with revolving circular 
sprinkler heads are used, either pcinnanently connected to buried 
supply pipe lines or movable with hose connections to the supply 
(Fig. 76). Sprinkling may also be accomplished from parallel 
lines of pipes with perforations a few inches apart to give the 
required spray. Such pipe may be rotated so that a single row of 
perforations may serve a wid(U' area on both sides of the pipe line 
by changing the posit ion of the openings. For some truck prac- 
tice, perforated i)ipeB rolled along supports have been used. 

Sprinkler systems of the above types cost from $150 to $200 
per acre to install. For operation, including friction losses and 
the pressure recjuired at the nozdes, a total pressure equivalent to 
a lift of about 100 ft. above the ground level is required. The 
resulting total costs limit the use of such sprinkling to citrus 
fruits, nursery stock, or similar intensive practices with large 
returns. Wlule many individual installations have been made, 
the total area served by this method in the localities in which it is 
used represent s only a small proportion of the total area irrigated 
for similar crops by other methods. 

In some cases, portable pumps are used for sprinkling, the water 
supply being obtained from shallow ground water or conveyance 
channels in the area served. Movable lines of pipe with risers 
carrying sprinkler heads are supplied by the portable engine and 
pump. Such systems have lower costs of installations. Similar 
amounts of pumping lift aj*e rcMpiired to furnish pressure for the 
operation of these systems as for the other types. 

SUB-IRRIGATIOK 

Sub-irrigation is either the control of the water table on lands 
having a high water table or the supplying of soil moisture by 
underground conduits which, except for soil underlaid by imper- 
vious subsoils, need to be spaced as closely as furrows in furrow 
irrigation. As such methods avoid surface evaporation, soil 
baking, and surface distribution systems, many efforts have been 
made to serve lands by sub-irrigation. 

Natural sub-irrigation is used in some areas of porous subsoil 
with the water table controlled so that moisture reaches the plant 
roots by saturation or capillary rise from below. This condition 
occurs in portions of the peat lands of the Sacramento River 



168 


USE OF IRRIGATION WATER 


delta. On the peat soils in which lateral penetration is rapid, 
water is held to the height desired in ditches 50 to 100 ft. 
apart (Fig, 77). The water moves through the peat to meet 
across the areas between the ditches. The water in the ditches 
is then lowered and the soil drains, leaving moisture within reach 
of the crops. Similar sub-irrigation is practiced in some sandy 
lands. Except on peat soils, it is difficult to control such sub- 
irrigation, and waterlogging usually results on at least part of 
the area. This method also results in allcali accumulation at the 
surface if alkali is present in the soil. 



Fig. 77. — Field ditch used in sub-irrigation of peat lands in Sacramento Kiver 

delta, California. 


Artificial sub-irrigation by seepage from underground channels 
or conduits has been tried. This is equivalent to a reversal of the 
usual process of drainage. Such methods have been used for 
lawns but have not been successful for commercial crops or deep- 
rooted plants. The conduits need to be spaced 4 to 6 ft. apart in 
order to secure adequate lateral spread of moisture. Such 
spacing results in costs in excess of the benefits for commercial 
crops. Plant roots seek the outlets from the conduits, and 
uniformity of moisture distribution has not been successfully 
maintained. 
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FARM DISTRIBUTION SYSTEMS 

The water supply for a,ii irrigated farm is obt ained usually from 
one of the lat erals of the irrigation system, which serves a number 
of fa,rms or a large area of land. It may also be obtained from a 
pumping plant and in some cases direetjy from a natural water 
course. Wlicn the water supply is obt.aimal from a lateral of an 
irrigation system, the water is dedivered to the farm through a 
delivery gate, which nuiy also serve as a measuring gate or which 
may be combined with a scparaici measuring device. When the 
water supply is developed by pumping, the water may be either 
deliveu’ed in a receiving box, which may be a measuring box, or 
in a farm reservoir, or discharged directly into the main ditch 
or conduit of the distribution system. 

The delivery gates and measuring devices are usually con- 
structed by the nuiin canal organization and are a part of the 
main canal system. Their d<^Bign and construction are discussed 
in Vol. Ill of this series. Methods of measurement are also 
discussed in Vol. HI. 

The distribution system of an irrigated farm includes the 
system of ditches or conduits required t=o convey the water from 
the point of delivery to the different |)a,rts of the farm, and of the 
farm structures reejuired to regulate, divide, and distribute the 
water to the land. The character of the distribution system 
will depend largely on the area of the farm, the topography, 
the method of irrigation, and the value of tlic water. For large 
farms having an area of several hundred acres, the distribution 
system may include a number eff laterals and structures similar 
in design to those forming part of a general irrigation system. 
The t-opography of the land will control to a considerable extent 
the method of irrigation, which is an important factor in deter- 
ming the location and the capacity of the distribution system. 
The value of the water will determine the economy with which 
water should be used and is a factor in selecting the type of 
construction. 
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The farm ditches and conduits may be divided into those 
from which water is taken out and applied to the land, which are 
commonly called ‘^field^^ or distributing’^ ditches, flumes, or pipe 
lines, and those ditches or conduits which convey the water from 
hire point of delivery to the field ditches, which may be called 
^ ^ supply” ditches, flumes, or pipe lines. The field ditches may be 
t^emporary earth ditches, which are made before each irrigation 
or before each season, such as for the wild-flooding method of 
irrigation for cereals and for some furrow-irrigation practice, or 
they may be permanent earth ditches with permanent structures, 
snch as for the border or other check methods of flood irrigation 
which require ditches of larger capacity. For the furrow method 
of irrigation, flumes of wood or concrete or pipe lines with 
distributing stands may be used; these have been previously 
discussed in Chap. VI under the furrow method of irrigation. 
The supply conduits are usually more permanent than the field 
distribution system; they may be earth ditches, flumes of wood 
or concrete, or pipe lines. 

The structures used on the farm distribution system consist of 
1:110 structures used to regulate the flow in the supply and field 
ditches, such as check gates, division gates, drops, and the 
structures to take out and distribute the water from the head 
ditches or conduits, such as levee gates in the banks of field 
ditches to deliver water into checks. On the larger ditches, farm 
bridges may be necessary. 

PLANNING AND LOCATION OF DISTRIBUTION SYSTEM 

The planning of the distribution system requires a careful 
study of the topographic conditions, the crops to be grown, and 
t}he available head or stream of water, in order to determine the 
best method of irrigation. The distribution system is planned 
-to fit the method of irrigation. For the wild-flooding method, 
1 :he topography of the land to be flooded determines the position 
of the field ditches. For the check methods of flooding, the 
direction, length, and width of the checks determine the arrange- 
ment of the field ditches. The location of the field ditches 
controls the location, of the supply ditches. 

Where the land for the whole farm has a continuous slope in 
one direction without ridges or depressions, the supply ditch will 
usually be along one of the boundaries of the farm with the field 
ditches running at right angles to the supply ditch. Where the 
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land consists of ridges and depressions, the field ditches will be 
on the ridges with the supply conduits carrying the water across 
the depressions, using earth ditches in fill, flumes on supports 
above the ground, or pipe lines. 

REQUIRED CAPACITY OF FARM DISTRIBUTION SYSTEM 

The capacity of the dist-ribution system for any farm is deter- 
mined by the size of the irrigaitng lH?ad, which in turn depends 
on the method of irrigation. The most economical size of head 
is usually the largest amount of water an irrigator can handle 
without loss by surface wastu. The, minimum head is the small- 
est KStrearn that can be used effectively without excessive deep- 
percolation loss. For wild-flooding and check methods a 
minimum head of 1 sec.-ft. is needed to enable economical use of 
water to be obtained; such heads, however, require preparation 
of the land in smaller areas and more labor cost in application. 
Small streams can be used with equal effectiveness with the fur- 
row method by adjusting the number of furrows run at any 
time to the supply available; however, costs of application are 
increased where the number of furrows is less than that which 
the irrigator can attend effectively. In t he wild-flooding method 
the maximum size of head an irrigator can handle effectively is 
about 3 to 4 sec.-ft. In the border jind check methods as used 
in the San Joaquin Valley of (California,, heads of 15 to 20 sec.-ft. 
arc delivered to individual farms. With furrow methods the 
head which one irrigator can handle ia seldom larger than 1 to 
114 sec,-ft. The total head received l)y the farm determines 
the capacity of the supply ditches; tlie supply may be divided 
among more than one field ditch, thus reducing their capacity. 

DESIGN AND CONSTRUCTION OF FARM CONVEYANCE CHANNELS 

The design of a channel to obtain the determined capacity 
depends on a number of factors, the most important of which are 
the grade of the ditch, the velocity, the form or shape of the 
ditch cross section, and the method of construction. These fac- 
tors, as well as others, are considered in detail, especially from 
the standpoint of the engineer, in VoL IL It is, however, desir- 
able to present briefly in this chapter some of the principles 
of flow of water. 
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The lU'W of water u;MVf‘rn<'<l hy the folluwiug laws: 

1. 'ilie area of the water (Titsswetiim in stiuare feet multiplied 
by the veltteiiy in ftnU jK*r Meeomi nives the tiisehurge in cubic feet 
j>er .seeund, 

2. The vetei’iiy rtf fhtw inereanes with the gnuie. When all 
ttlher etinditituts, iiielnding the area uf the waiter cross sec- 
tion, remain llte fiame, the vehteily anti fhi‘r(‘fore the carrying 
eapneily inereaws very nearly with the s«iuare ntot of the grade; 
for exnmpt*‘, if the gnuii* is mttllii»lieil by 1, the velocity and 
carrying capacity are j>ra«'tienlly donhleti. 

3. 'I'he veioeity inereases with an iniTeaac in the degree of 
sniiHithness of the si<ies and bottom of the (duumel in contact with 
the water: as an example, when all <jther conditions are the same, 
the vi'locify and capacity of a rough earth ditch will be only about 
half of I fiat of a very smooth coiicrete-lined dit ch. 

•t. 't'h(> veliiiiiy is atTected to some (extent hy the form of the 
cross .st'ction of t he channel. l‘‘or a given cross-sect ional area, the 
form of section Ivaving llie leas! weltisl surface in contact with 
the w’ater will have the highest vtdocily. For a given area, the 
form wliieh will have the smallest wetted area is a semicircle. 
For earth ditclies, a semiht'xagon form has nearly as large a 
nitio of cross section to jwrimeler. In practice, however, the 
farm ilitches are usually made comparatively shallow and broad; 
this form i.s more easily constructed and, lus ordinarily built by 
using t he excavatioti to make the hanks, will carry a larger part of 
tlie water above the original ground surface. 

r». In a given channel tiw^ whicity incrcaise-s with an increase 
in the volume of water in tht* channel. For instance, a flume 3 
ft. wide carrying water to a tiepth of 1 ft. with an average velocity 
of 3 ft. |H*r second gives a discharge of D sec.-ft. When it carries a 
depth of 2 ft., the area of the cross section is doubled and the 
velocity is increased to about 3.87 ft., ixjr second, giving a 
discharge of 23.2 si*c.-ft., or 2.58 times us much as for the smaller 
d«‘pth. 

FARM DITCHES 

Fiinn ditches are not usually excavatod and trimmed to trap- 
ez<»idal sections as ant (he larger canals and laterals of an irriga- 
tion system. I'he form of farm ditches depends largely on the 
ini'tltod i>f construction, which varitm with the size of the ditch 
A farm ditch is usually built partly in cut and partly m fill. 
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When the volume of cut from the ditch equals the volume of 
material in the banks, it is called a ^‘balanced cut-and-fill ditch/^ 
Such a ditch is the cheapest type of construction, a,s it involves the 
minimum amount of earthwork, but is md; always feasible or 
desirable. A balanced cut-and-fill section will usually hold the 
water level in the ditch somewhat above the ground level. 
Where water is to be delivered on to adjacent land, it is necessary 
to have the water in the ditch a minimum of 4 to 6 in, above the 
elevation of the adjacent ground to supply ch^pth of flow on the 
land and loss of head in the turnout, ''rhis will usually require 



Fig. 78,~Conatruotmg a farm ditch with a Frosao scraper. 


building up the ditch banks higher than will be obtained by 
balancing the cut and fill, "^rhe banks are raised with earth from 
outside the ditch. It is not necessary to hold water so much 
above the ground in ditches used for conveyance without delivery 
on adjacent land, and for such supply ditches a balanced cut-and- 
fill section may be used. When a ridge mmi be cut through, the 
water may be entirely below the ground; when a depression is 
crossed in fill, the entire ditch may be above ground. 

The larger farm ditches, having a bottom width of about 3 ft. 
or more, are usually constructed with Fresno scrapers (Fig. 78) 
worked back and forth across the ditch, removing the material 
from the cut into the banks. Except for loose or sandy soils, 
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plowing of the cut may be required. The tramping of the teams 
compacts the banks. The resulting ditch has side slopes of about 
to 2:1, with the bottom of the ditch and the crown of the 
bank rounded. The larger ditches may also be constructed with 
a road grader, which for such use requires adjustments permitting 
the blade to be set at the desired side slope. The material is 
loosened by plowing; the scraping out leaves smooth side slopes, 
but the banks are not compacted and are liable to break if water is 
held above the ground surface before the banks have settled. 
Both manufactured and homemade ditchers, while frequently 



Fio. 79. — Wooden V-crowder for making small earth ditchoB. 


used for small ditches, are not generally used for the larger sizes 
of farm ditches. 

Smaller ditches may be built by plowing, using an ordinary 
lister, a double moldboard ditch plow or a homemade ditcher 
formed of right and left plowshares placed side by side and spread 
so as to make a ditch about 18 in. to 2 ft. on the bottom. Such 
ditch plows should have long moldboards to turn the earth well 
out of the ditch into the banks. Another device very commonly 
used for small ditches is the V-crowder. This is dragged up and 
down the ditch, crowding the earth into the banks. Plowing the 
alignment of the ditch is needed before using the crowder unless the 



176 


USE OF IRRIGATION WATER 


soil has been recently loosened. The crowder leaves narrow loose 
banks, easily broken through when the water is raised against them 
unless they have time to settle before used. The V-crowder may 
be built of wood (Fig. 79) or of steel (Fig. 80) . They are fre- 
quently made adjustable to the size of ditch by use of a hinge 
. joint in one side near the point 

[ ' of the V and a variable spacer 

near the rear end as in Fig. 79. 

Cross sections of typical farm 
ditches are shown in Fig. 81. 
These cover the range of sizes 
needed for such ditches. Even 
with small irrigation heads, 
ditches smaller than Form 1 
are rarely used. Form 6 is as 
large as would be required for 
farm conditions. Rounded 

Fi«. 80.-Steol^ditchOT used in making are 

representative of average prac- 
tice. The top widths of bank shown repres?ent good practice, 
although many ditches are built with less liberal dimensions. 
The freeboard, or the height of bank above the depth of 
water, shown is also larger than that allowed on many ditches. 
It is good practice to use ditches with adequate banks, so that the 
attention of the irrigator can be given to the irrigation rather 
than to repair of ditch breaks. The water in these ditches, as 
shown, is not high enough to permit delivery on adjacent ground, 
but the freeboard is sufficient to enable the depth of water to be 
increased by checks during such deliveries. 

For all except Form 6, the material in the banks of these ditches 
exceeds the excavation, so that additional earth would be required 
for their construction. For Form 6 the cut and fill balance. 
For supply or other ditches to be used continuously, such banking 
up is advisable. For temporary field ditches in wild flooding it is 
not usual to borrow earth for the banks, steeper and narrower 
banks being used. 

Table XXIV gives the carrying capacities for various depths of 
flow and grades for the ditches shown in Pig. 81 . The capacity of 
an earth ditch varies with its condition. The results shown in 
Table XXIV represent carrying capacities for ditches in average 
good condition (Kutter’s n = 0.025). If allowed to become 
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silted or weed grown, the capacity will be reduced materially 
below the figures shown in Table XXIV. 

The results in Table XXIV illustrate the principles of flow 
previously stated. The caixying capacity is usually known, as it 
is determined by the size of head available; the grade is usually 



determined by the location of the ditches in the distribution plan. 
Different sizes of ditches will meet given conditions of capacity 
and grade, depending on the ratio of bottom width and depth 
used. If the grade is such that the resulting velocity exceeds that 
which the soil can withstand, it is necessary to take up the excess 
grade by the use of drops or check gates at intervals along the 
ditch. When the conditions permit a variation in the position of 
the ditch line, a velocity may be selected and the corresponding 
grade obtained from the table. The maximum velocity that may 
be used depends on the resistance against scouring or erosion 
offered by the soil. Safe maximum velocities vary from 1 ft. per 
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T.\blk XXIV.“”i'AiutviN*tj CUpacitikb of I*'ahm l)rrc’i!Es 
I'^onn 1. Bott(HU \vi<ith 1,25 ft., shit* s 1 ojm*s I *o:I 


Gra.(le, 

Mean veloeily, feed |)er staamd, 
for d(M)ths of 

'( hrrying ra|uieity, stHamti-feei, 
for dept hs of 

feet p(‘r 
thousand 


0 in. 


3 in. 

t> in. 



3 in. 

9 in. 

9 in. 

1 

0.40 

0.72 

0.93 

0.19 

0,72 

1 t»t» 

2 

0.05 

1.02 

1.33 

0.2(i 

I .02 

2,37 

4 

0.93 

1.45 

l.KO 

0.38 

I ,45 

3,30 

5 

1 .04 

1.02 

2. 10 

0,42 

1 ,02 

3 71 

6 

1.13 

1.78 

2.31 

0,4(i 

1 ,78 

4,11 

8 

1 ,32 

2.05 

2 , 07 

0 r.-i 

2,05 

4,75 

10 

1.47 

2 29 

2.9S 

0,00 

2,29 
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Form 2. 

Bottom width 1 50 ft., sidt* slo] 

M'.H ! '..;I 


Grade, 
feed'. p{‘r 

Mean veloeity, feet perwa’ond, 

i Vrryiag 

•apaeily, seeoml-fecd, 

for d<‘pthH of 

ft»r tiejdh.s of 
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9 in. 

3 in. 

0 in. 

9 in. 

1 

0.47 

0.80 

0.97 

0,22 

0 , 90 
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2 

0,07 

1.13 

1.37 

0.32 

I . m 

2 72 

4 

0.95 

1 .00 

1 .95 

0,45 

I . 92 

3.84 

5 

1 .00 

1.79 

2. 18 

0,50 

2. 15 

4 2.S 

6 

1.17 
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0 , 55 

2 35 

1 , 70 

8 
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2.27 

2.75 

0413 

2 , 72 
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10 
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2.53 
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0 . 7i) 
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Form 3. Bottom width 2 ft., nido wlopon I 


Grade, 
feet pcjr 

Mcian velcxuty, feet per Htu‘ond, 

(Carrying ra}meify, seeond-feet, 

for deidhs of 

for depths of 
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9 in. 
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0.5 

0.58 

0.71 

0.85 
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1 

0.82 
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1 . HI 
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2 
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1.70 
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5,94 
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2.01 

2.41 
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6 
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2.94 

2.94 1 
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8 
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2.84 
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1 1 , {K> 

10 

2.60 

3.1H 
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3.77 

7.44 ! 

la :«) 
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Taiii-k XXIV.' of F\hm Ditohks. -(Continued) 

Form -1. lioftiou wiiltls 3 fl,, niilt* .slopon 



Mr;Oi \ rioii'i! \ , 
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' 
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Form B, lltittoio width 4 Ct.. iF>:l 
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second or leas in very firu^ sandy soil, loose* fine silt., or lava ash to 
1.5 to 2 ft. per second for Iif>;ld. sandy loam, and 3 to 4 sec.-ft. for 
stiff clay loam. 


FARM FLUMES 

Plumes may be built, without a supporlitiK structure, in which 
case the flume box is supported directly on tlu* ground, or elevated 
above the ground and supporhal by trestle construction. When 
supporictl directly on the ground, the. flume box is built of wood or 



Fid. B2. Small devnt<‘(I fnrm flurm'. 


concrete. This form of const ruct ion is uscni for field dist ribution 
to furrows, as dcvscribed in ( 'ha|>. VI. 

Elevated flumes are used to convey wa.ter across <lepressions. 
Farm flumes generally consist, of a woo<ien flumes Ik)X on wooden 
posts. Some semicircular steel flunu^s are also usihI; while more 
expensive to construct, they ares more dunilde and wa1:ertight. 
Where the topography is suflxciently naigti to reffuire the use of 
many elevated flumes, only small irrigat.ing heads mn be used and 
the capacity of tlie flumes rcMjuired is usimlly less t]ia.n 2 to 3 
sec.-ft. Flumes of lO-sec.-ft, capacity or over inay l)e acceded 
occasionally for farm use. Only such smtdl flumes are considered 
in this chapter; the engineering design of large flumes is discussed 
in Vol. 11. 
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Fii»;un* 82 :i lyiiiral m\n\\ wrHHlt*n fluttie having a flume box 
■euiiHiHling t»f pivvvH sup|.M»rled dinvtly l)y punts without 

stringers, llte weight f»f the Ihmte Ih>x and water is carried 
direetly tu the fiHsis by ila* ftuine Imx acting ns a beam. To 
avoiti swigging .‘uei ieriks, ilie sufjpurts should nut 1 h‘ placed over 8 
ft. apart wlierr^ tuily huu piece is itsai in the sidt^s and bottom. 
Fc»r Humes having more ihmi one bottom <u* side piece, closer 
spacing of su|)|mns slioulfl hi* uscil for this type of construction. 
8uch three- hoard flunies are usually niadtMd I- to 1 h^-in. material 
with 2 In* 4 fiosts. For larger flumes 2~in. imderial a.iui 4 by 4 
|KKSt,s nia.y be usetl, A gotal baiter sliotild be us(hI to avoid 
nvcrfuriiing due lo wind act ion; ad<iitional resishmee to over- 
itirning may tn* secured by guying to a buruHl anchor under the 
flume. As ihe weight on each post is ntd krg(^, footings may 
consist «»f woodmi hloi^ks^ rock slabs, or small concrete blocks. 
Better usrdulness of the material with largru* caiuying capacity is 
ol)tiiini‘d by |ilaciiig the sidi» pifaa^s of the flume box at the edges 
of the boftiuu pif»ee rather llnnn setting them on it. 

A wadl-lmih largm’ fhime with stringers is shown in Fig. 83. 
The %veiglit of llie flume liox and waltu* is curried tn the stringers 
at^ 3 ft. II in. intm'vals i!irr>ugh flu* ccdlars. Th(> use of stringers 
{>ermils increasing the* span In'lwtam snpport'S t.o 15 or 16 ft., the 
saving in luinhi*r in the su|>po!iing henis habuiciug t.hat required 
for the stringers where* the iliitne has much lunglit. Where more 
t'han one |'iief*e is used in thc^ sides or floor of the flume box, 
wafertiglitness ituty be seeuriul l)y splines, hat-iens, or chalking. 
While such methocls ari* usual in large Hnmes, ordinary lumber is 
generally use<t in farm flumes without s|K'*ciiil provisiems against 
leakage, 'rraiisverse liraciitg hu’ stifTness against* lateral wind 
lictimi should he usetl in each bc*nl.. Longitudinal diagonal 
Imicirig assists in maintaining uniform grade if settlement of a 
footing occurs btit on firm ground is noi recpurcHlin short straight 
flunies, as tin* inlet and outlet give mlequate longitudinal support. 
Footings may hr* of wood, stone, or concrete. For the size of 
flume slmwn in Fig. 83, 4 tiy 4 post.s, caps, fuui sills could be used; 
howr*ver, tlir* 6 !\v 6 niai<*riiil sl'town gives a more durable and 
rigid eons! ruci ion. 

'To connect flu* ernts of the flume with the earth ditch, the 
fhirne i*nds should he carried wc4l into the firm ground and con- 
nected with. cuf-ofT walls ami wings, around which the material 
is well puddled. the v<4o<^iy in the flume is to be much 
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^•real.cr than in l-he ditch, 1-ho slopc^s aiid Ixal of the ditch at the 
oudot Hhould be protected with stone rijarap or a section of 
coiuin-ie lininp; 2 or 3 in. thick aboul, 10 ft- in length. To pass 
from a, lower velocity in the ditch to a higher v(‘Iocity in the fhune, 
it. is necessary to hav(5 the water surface al- the inlet of the flume 



Fuj. 83, Farm fhimo of hoavy 


low oiioiigli to obtain snfficicnit fall from the waior Hiirfaco in tho 
ditcjh tio cover ent.ry Iohhcs and t-he increuBo in velocity hca<L In 
{)aBHing from a 2 ft. ixvrHecond vel(K*ity in the (litcli to a 4 ft . |K‘r 
Bccond vcdocity in the (lumc, this fall Bhould t)e about 3 in.; 
in passing frotn a 24t. veloci^ to a 6 ft. velocity, it sliould be 
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alKHit 8 ill. \Y!ien‘ thv ahini.ae in vnlociiy is larii:(% thn inl(H tiiul 
outI<‘t shoultl 1 h‘ sha|HHl so as lo ahaii.t^a tha vc^lcnniy ^ra<lun!Iy. 
lua* short fhinic‘s it is proiVrahla to iis(‘ a Iara;a enou‘di fhuiie box 
so tlial no Iar.ii;o chanao in vi‘hK‘ily is naiuinnl. For loiipjcr 
ihiines tlio savinii: in tlio siz(‘ of tiu* fluino for hii^ia^r volo(a{i(\s 
excHHMis tlu' eorrospondin,i»: inm^aso in rosts of iho inlt'ts atul ont- 
lots. Al>ont I wn*ihirdst>f IhodiftVnaKM^ in volocity hoad naiuinHl 
at tlit‘ inli*t of tin* tlunu* ran bo ro<‘ovf‘ro<i at if tho lluino 

is btiilt so that tho waira* surfarr‘ in tho ontlot oanal is al)ove 1li(^ 
watt‘r snrfaot^ in tho llnnio at its uutlot liy tliat anHOUd. Such 
reocn'ory of vtdooily liond at tin* otithh rosnlls in loss toiuhaioy 
toward orosion in llio caanal Ixdow tho onlk^t. 

I'AitaK XXV. roatvixo cr\i‘,\(aTn;s <ir SMAia, UKOM'A.Naaa.AH Woonna 

Fij M ns 

Si^t‘ 1. Inside* widfli 10 in, 
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Table XXV— Caehyinc} ("a,pa<’ities oe Smai.i. liEc’TAisrauLAE Wooden 
Fiatm es.--'(( UnilhiHed) 

Size 3. lnHi(I(‘ width — IX in. 


Grade, 
feet per 

Mean velodty, iVnU. 

pt‘r sec- 

('jirryiii}*: capacity, 

S(ieond- 

ond, for depths of 

f(H‘t, for dei)thH of 

1,000 ft. 

6 in. 

9 in. 

^ 12 in. j 

6 in. 

! 

1 . 

12 in. 

9 m. 

0.5 

0.96 

1.16 

1.27 

0.72 

1.31 i 

1.90 

1,0 

1.39 

1 .(■)« 

1.84 

1.04 

1.87 

2.76 

1,5 

1.71 

2.04 


1 .28 

2.30 

3.40 

2 

1.98 

2.37 

2.6)3 

1.49 

2.67 

3.95 

3 

2.44 

2.91 

3.23 

1 . S3 

3.28 

4.85 

4 

2.82 

3.37 

3.73 

2.12 

3.80 

5.60 

5 

3.16 

3.77 

4.18 

2.37 

4 . 25 

6.25 

6 

3.46 

4.12 

4.57 

2.60 

4.64 

6.85 

8 

4.00 

4.77 

5.29 

3.00 

5 , 38 

7.95 

10 

4.47 

5.33 

5.91 


6.00 

8.85 


Sizf^ 4. lti.si<h‘ width ~ 21 in. 


Grade, 
feet per 

M(^an velocity, f(‘(‘t 

p(‘r sec- 

( 'n prying (‘apa<*ity, 

H('<u)nd- 

oml 

, for d(*pilhs of 

f(‘(‘t , for (h'ptljH of 

1,000 ft. 

6 in. 

9 in. 

12 in. 

(i in. j 

9 in. 

12 in. 

0.5 

1.05 

1.27 

1 .44 

1 .05 

1 .SK) 

2.88 

1 

1.51 

1.84 

2.06 

1 .51 

2.7f) 

4.12 

1.5 

1,86 

2.26 

2.52 

1 .86 

3.40 

5.04 

2 

2.16 

2.63 

2.93 

2.16 

1 3.95 

5.86 

3 

2.65 

3.23 

3.60 

2.65 

4.85 

7.20 

4 

3.06 

3.73 

4.16 

3.06 

5.60 

8.32 

5 

3.43 

4.18 

4.65 

3.43 i 

6.25 

9.30 

6 

3.75 

4.57 

5.10 

3.75 ' 

6.85 

10.20 

8 

4.34 

5.29 

5.89 

4.34 

7.95 

11 .78 

10 

4.86 

5.91 

6.58 

4 . 85 

H.H5 

13.16 


Carrying Capacity of Flumes. The carrying capacities of 
different sixes of rectangular ^vooden flunu^B arc‘ given in Table 
XXV. These are computed with Kut.ter\s ftuimila using a 
coefficient of roughness of ().()14. The capacitic^s shown should 
be obtained with flumes in average condition. If poorly main- 
tained, worn, or silted, the carrying capacity rruiy be 10 to 15 ixir 
cent less than the amounts shown in Table XXV. Hie carrying 
capacity of rectangular concrete flumes of the usual roughness of 
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farni construction may l)e ohtaincMi from tlio same table by 
tloduciing 5 f^er (‘cnt from the amounts ^iven for tlic different 
si/.cs tind slopes, 'rhe dc^pths shown in liable XXV are the 
depths of water in tlu* ilumcs lh<‘ flume l»oxesmust be sufficiently 
(keeper to provide th(‘ ruHH'ssury fre<‘board of 3 to 0 in. for the 
differmit:: sizes, 

PIPES FOR FARM DISTRIBUTIOH SYSTEMS 

Pipes are us(m1 in tlu* conveyan(‘<‘ and dlstril)ut ion of irrigation 
water on farms for tlu^ following purpos(ss: 

1. Ill pla,e(^ of earth ditelies to conv(\v the wahu* t.,o the different 
parts of the farnp such as the use of cenumt-, wood-, or steel- 
pipe sysicuns of irrigation. Such pipes may be used to cross 
depn^ssions as inveaied si|)hons or as delivery line's under pn^ssure 
when' water is [)am|>ed to th(^ higlier pa,rts of the land, as well as 
for dist riluition te> furnnvs. 

2. For a.ppli(‘at ion of water by the surface-pipe method of 
irrigation with de'lacliablc slip-joint metal pipe as described in 
Chap, VL 

3. For field distribution liru^s for delivery to furrows, also as 
described in Chaj). \'I. 

Concrete Pipe. The pipe so extc'nsivady used in ( -alifornia, 
arid to s(nne exitmt in the oilier states, is usually made in seciions 
2 to 2j 2 ft. long (Fig. 84). One end ()f the pipe tapers in and the 
other end tapers out so that t lu' pipe's when joined form a beveled 
lap joint of the same thickness as the rc'st of the pipe. A erdlar of 
mortax is plaecal around the joint to hold it. in place and give 
wtiteriight ness, Hiis form of joint is preferred to the Ixdl joint 
used wit li sewer pipe, as ihih st might exterior of t he |)ipe is caisier 
to cast, and to lay. 'fhe pipe is mad<^ by tamping i.he concrete 
in colla|)sibl(^ metril molds, which stand on end. In order to be 
able to remov(' the mold prompt ly after casting, dry mixtures are 
used of one part of cement, to ttiree oi four of sand and small 
gravel Aftm* casting, tiie pipe is removc'd to tiie curing yard, 
the form remov(‘d, arid tlie pipe kept moist l>y sprinkling for at 
least. (>n(‘, we(h to scanire projx'r curing. The jiipe should be 
aged for 30 days liefore laying. Idie conend.e may be hand- 
tamped in tlie molds; machin('. tamping Is now more usual at; 
pernuuumt. plants. Fhe less (*n,refully made hand-tamped pip(5 
formerly generally used was not suitable for use under pressures 
t.liat would result in tensile stress in the pipe of over 25 lb. per 
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s(|tiare inch, or 10- to 15-ft. pressure heads for the sizes from 12 to 
18 in. Standard pipe 8 to 14 in, in diameter, as now made, may 
be used satisfactorily for pressure heads up to 40 ft. 

To obtain good pipe r(M|uires careful and experienced workman- 
ship, and it is usually preferable for the pij)e to be made and laid 



Fio. 84. — ^Laying concroto pipes. 


by a reliable contractor rather than for the landowner to acquire 
the equipment and do the work for himBelf, 

Wlunc coiKvre<xv|)ipe distribution systeins are used, the licad 
handlcui is usually not over 2 sec.-ft, and frcaiucmily is less than 1 
sec.-ft. Fi(dd distribution lines are usually 8 to 12 in. in diam- 
eter, with Borne systems using (Wn. pipe and some as larg<5 as 18 in. 
It is usually advisalrle to select the size of pi|K', bo as to have some 
margin of capacit.y, as the costs increase mucli more slowly with 
increase in size than the increase in carrying capacity. 

Average costs for general California conditions are shown in 
Table XXVL CoBt.s for individual systems will vary with the 
location and other items, The costs in Table XXVI represemt 
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typical gcaicral fi|2;tircs f<a* anais w!ua*(‘ pii>c is available with short 
{lislaiict‘s isf liaul and are ndativoly consistent, for the different 
sizi^s. Ill any unai wheri^ nmcli pipe is beiiiji^ used, there are 
usually locatl pipe lainiraetors from wlnun direct local quotations 
ca.n !>e natdily olilaiiieil. 


'r.\HLn XXVI, ('nsts eiat Linhvl Foot of Oudin.vry (toNcnuoTu 

l‘iia; out C’alifuhni.v ( ’on'Ditions 
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Hie distributing an«l control stands used with eoiicrete-pipc 
sysleius for furnov irri|i;ation liave \mn\ discussed in (diap. VL 
!n the division of fliiw liet Wisai supply and distrihutin^ pipe lincB, 
gatf‘s an' napiired. Where' water is obtained liy pumping from 
wctls ilireelly into piiie linc's, or above closerl R’a-les in the pipe line, 
vents an' desirablia Such vents consist of open vertical pipe 
rising above Iht' hydraulic grade* line. 

Wbi're open tlivision Iioxes are used, slide* or pressure gates such 
ns flioHt* described in C •Ini}). VI are used. liul) end gatc^s inserted 
in tin* pipe lines with tlie gate, whem op(*n, recessed into the 
upper fiart of tin.* gate frame, are also used. These gates cost 
aliout^ $25 for 8-in. sisse and $35 for tlie 12-in. 

Vitrified -clay Pipe, Vitrifi(‘d-day pil>c may be used for farm 
irrigation systems in locations in^ur kilns wdiere it may be obtain- 
a.,blc* at costs eom|>ani.hle with concret.e pipe. It can wi(<hsta,nd 
presHurcss similar to those* for concrete pipe, is more brittle, and 
lias 1 k* 11 and. H|>ig<»t joint.s, .It has been used where ii was difficuli 
t..o secure concn*te |>ipe of gcnal (jualit.y or in alkali ground where it 
is more n'sistant^ to the aethni of alkali than concrete, ^llie 
eximi of its use for farm irrigation systems is relatively small 
Cic*iierid prices pc*r lineal fooi for vitrified pipe vary from about 
20 cts, for CWn. piiK* to 50 ct,-s. for pipe 12 in. in diameter. 
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Wooden Pipes. — The wooden pipe's oi’dintirily used on the 
fai’in are the factory-made imichinc-l)Mnd(‘d pi|)e consisting of 
wooden staves with radial edges bound tight ly togetiier by wires 
spirally wound continuously around the pipe. Ijurger wood-stave 
pipes are built in place but» si55es used for fa;rin sysi.eins are factory- 
made in variable lengths up to 24 ft. and jointed in tlie field with 
inserted joints. The pipc^ is dipped in hot. asphalt and rolled 
in sawdust to form a protective coating. ( t‘is(-iron connections 
and valves are used. Small takeouts are, screwed dinud ly into the 
staves. 

General Pacific Coa.st prices for coatcul inacluiu'-linrided wood- 
vStave pii)e capable of carrying 50- to 75-fi.. prc^ssurc^s are as 
follows: 


DiaineUir of pipo, iiic.hes.. 

c, 

1 

s 1 10 

12 

14 

U) 

Cost of pipe pcir lineal fool, 

10.45 

$0,55. so. ()5 

$0.75 

.$0 . 00 

$1 .05 


Where laid in trenches, the cost of trcmching is similar to that 
for concrete pipe; the cost for laying is rdatividy small. 

Steel Pipes. — Steel pipes commonly usihI for fiirin irrigation 
systems are made of steel sheets rolhxl and riveted or welded 
longitudinally or spirally, h^ach section of pipe is usually 20 to 
25 ft. in l(mgi,h. Slip joint.s are used for low iiressures arid bolted, 
flanged, or welded joints for higli pressures. TIk^ pipc^ is usually 
protected against rust by galvani/lng or l>y a t.ar or asphalt 
coating. Special low-pressure fltvtings arid vahu's are used for 
irrigation which have a much lower cost than t he similar fittings 
required for high pressures. 

General prices for steel slip-joint pipe suf<i for pressure', lieads 
up to 200 ft, for Pacific Coast conditions are as follows: 


Diameter of pipe, 
inohes 
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10 
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$0.65 
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jSl.lf} 

SI .25; 

i ' 

11 . 40 

S2 . <K) 

$2. 15 

$2.30 


Carrying Capacities of Pipes.—Tla^ usual ('.arrying capacities 
of different sims of concrete pipe a.re sliowri in Tal>l<', XXVII. 
Table XXVII is computed from the Scobc'y formula, using a 
coefficient of 0.310 for modern pipe made liy the dry-mixture 
process. These capacities should be obtained with well-laid 
pipe of average quality. The carrying capacity for vitrified- 
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chiy |>ipe is about tin* smuh.‘ as that of conen^tc pipe. Wood- 
slave pipes liuve a eapacaly alnuP It) per cent. larji;er than the 
valmas givcai in liable XX Vi I for low vc‘lo(‘ities i^o 25 per cent 
lari^er a! lii^h velorilies. Riveted sltad pipe will carry from about 
5 to H) |K‘r caaU less than concnUe pip(‘ at low velocities to about 
the SMiiu^ (‘a parity al hi^Iau’ v<‘loeitH*s, 

The loss of head at the inltU ami oulhd, due to velocity head 
chnnvtas and im^'i^ular (airreids result injr from the change in cross 
sectitm in passing from (niv haan of chanmd to the otlmr, have not 

1’aui.k XXVn. (‘auhvin'o (tvcAt'iTtKs IN' SneoNn-rnsT or (toNcaiETK 
Pick Laid in SserioNs 2 I’V. I.<»no, Hhad PaqiauFa) for Khiction 
I s Kxci.rsivK OF iMJ-rr and Oi'ti.ut Ldhhkh 
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be<m included This loss of head is dependent on the amount 
of the cha,nf!;e in velocity and t.he form of the inlet and outlet 
structures; the allowance to be made is considered in the discus- 
sion of siphons and culverts* 

SIPHONS 

The i.ype of irrigation structure usutilly called a ^tsiphord' is not 
a true si|)h(>n but is an invert (ul siphon, liwanied siplions are 
used where the land is rolling and it is neci^ssary to carry the 
water from one ridg(^, or knoll to anotluuv to carry water under a 
stream, or to cross under a, lower ditcli or uaidway. Siphons 
convey water across t he depn^ssion in a, pipe winch is conneuded 
at the u{:)p(a' and lower (*nds to inhd, and outhd structures. '“Fhe 
How through the siphon dep(mds on tin' di(T<‘r(uice in elevation 
betw(am the inUd- and o\it.l<dr, th(^ siz;e ami roughness of the con- 
duit, and tlu* form of tlie inlet and oulUd . Wheri^ the siphon is 
very short, it is pra,ciically a (uilviud, and tlu^ talde of flow giv(m 
for cuivcads may be used. For long(‘r siphons it. is n(Ha\ssary to 
consi(l<‘.r the additional frictional resista,nc(^ due to tlie greater 
length of pip(‘. 

The rec|uir(‘d difhu'ence in (devat ioii Ixd w(am t he water surfa.ees 
of the inkd. and outlet to i)ro(lue(‘. a, (Huiain discharge thremgh a 
siphon wit h a. conduit of a fixe<l diamcdcu* may l)e obtaimal by 
adding to the difference in Itwads for a. short culvert, as giv(m in 
Table XXVIII, tlu^ fall Indween the inhd and outkd rtuiuired to 
overeouu' tlu^ frictional resistance in the addititmal Icmgth of pipe 
which can l)e obtained from '’]''al)k^ XXVI 1, The inlet must be 
set low eriongli to place it below t.lu^ water surfaces after allowances 
has been mack^ for all entry losses. 

Figure 85 illustrates pe^rtlons of typical si|)hons. The inkd- and 
outlet walls arc usually built, alike. When^ soil will puddle wcdl, 
tlie sim|:)l(^Hi form of construction is obtaineat l>y ending tlio pipe' 
in a brcaist wa.U at right angles to the line e»f (he canal, t lie wall 
iKiing carrieu:! well int.o the banks on enieh side', a.nd 18 to 24 in. 
below the bot4om of the^ ditch. To form a tapered or funnel- 
sha-ped inkdi or out.let and to protect, the seed' ion of t-he ditch 
adjacemt to t.lie outlet from erosion, tlie sides and bottom of the 
ditch may be lined for a few feet with rock riprap or witli a con- 
crete lining 2 to 3 in. thick, ending in a eut.-ofT wall alxiut. 12 in. 
deep, Wheire t'lie soil is loose or on Bt(Ud> slopes where tliere is 
danger of washing under or around tlie inkd', or outlct^, the pipe 
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may l>e eiirriail farther into the (Utch tmd more extensive cut-off 
walk juk! floor usimI. Inlet ami outlet, structures may be made of 
W(K>d or of (sutcrete eil ln'r |)hun or reinforced. For the sizes used 



Fill. M.—Umtaib of typioal amalt siphons. 


in farm aystents, reinforcing is not usually required except in soft 
ground or whore temiMtratures much Itelow freezing occur. 

The conduit of the siphon is generally a concrete, vitrified- 
cla.v, wood, or stcol pifxs. The plain concrete pipe, of the ty^u 
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previously described, and vitrified clay eannoi; be used where the 
pressure head exceeds the values which have becui ^iven. Kein- 
forced-concretc pipe may be us(h 1 for lMr|»;e pressunss l)ut. for small 
sizes steel or wood pipe is preferatdc'. tor such conditions. The 
design of larger siphons and a more completr^, discussion of rein- 
forced-concrete and wooden pipes are t akcui up in VoL 11. 

STRUCTURES USED ON FARM DITCHES 

The type and sizes of structures used on farm distribution 
systems depend on the size of the dit-cht's and tlie nu^thod of 
irrigation. To regulate and coni rol tlu^ watiu* in the dit ches, the 
following structures may be uapunMl: (1) luaid gat(\s for field 
ditches; (2) division boxes to divide tlu^ watm- Ix'tween two 
ditches; (3) check gatx^s to regulate and raise t he wat(u* level in the 
ditch in order to permit, diversion from tli(^ ditch into one or more 
field ditches, or to deliver water on tlie hind through cuts in the 
banks or through levee gates; (4) drops to absorl) thc^ excess in 
grade, when the slope of the land on thc^ line of the ditch is larger 
than the grade which may be used in tlie ditch wiflnyut producing 
an excessive velocity; (5) levee gates to cont rol tlu^ watc^r dedivered 
from a ditch through an opening imuk* in t lie liank of tlu' canal, or 
in the levee of a check; (C) culverts and liridges for road crossings; 
(7) stock guards. Some of these struct un^s may he combined 
such as drop, checks, and division boxes. 

The smaller Kstructures used for wild flooding niul for distribu- 
tion to furrows have been discussed in Cliap. VI in connection 
with these methods of irrigation. Th(^ structures described in 
this chapter are those more gexuu-ally uiiplicabk^ to the larger 
farm ditches, such as t hose used with t lie different check met hods 
of irrigation. Examples of typicxil stnudures for various condi- 
tions of use are presented. 

Farm structures may be of wood or coiwirete construction. 
While of shorter life and consequent.ly higher ultimate costs for 
permanent use, wood is generally used for su(4i st ruct tires. How- 
ever, concrete is coming int.o more gtmeral use as t he farm syst ems 
are improved along with the improvement, of oilier farm 
construction. 

Wood structures may be built of eithem 1- or 2-in. material 
For all except the larger structures used on the farm, 1-in. 
material is sufficiently strong for use in walls and floors. How- 
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ever, its useful life is sliort, and struct ures built of li| 2 :hi, material 
warp and lose shape more quickly so that 2«iiL material is more 
economical except for vsome small structures. Use of 2-in. 
material in place of 1-in. docs not double the <iost of t he structure, 
as excavation and the labor in framing: ilu’t structure are only 
slightly increased with the heavier hntd)er. For cross walls 2 
by 4 posts and l)races would be used with 1-in. Ixnirds and 4 by 
with 2-in. plank. 

The loads carried by farm structures do not re<piire tliick walls 
where concret es is us(al. Where coiuux't e is i>laced dirt'Ctly on the 
ground as in floors or linings, thickness<^H suited to th(‘. iuxhIs can 
be used. For sucli uses t Iiickm^sstss of 1 ^ 2 t<> 2 in. are used where 
free from frost action or impact; 4 to h in. nmy be used under 
conditions of severe service. Wluu-e comuH'te is used in vertical 
walls and placed between forms, (here is no economy in using 
thicknesses of k^ss than 4 in., as the value of tlu‘ material saved is 
balanced by the difflcmlty of securing good tamping in narrow 
forms. Witli reinforcing tiiere is little {‘conomy for thicknesses 
less than 6 in. Wh(U'(' many structures of the satne size arc 
required, the designs may be st andardi/xal and pre(^ast* slabs used. 
These are cast on their side, cured, and lat(vr placcal in the struc- 
ture. For such strmdurt'B souie reinf(u*(U!i,g is used to give 
strength in handling. '“Hiieknesses of 2 in, arc* ustial. 

Concrete farm structure's are l)iul{, of both plain and reinforced 
concrete. For mild cdimutc's, reinforcing is not usually reciuired 
for strength. Borne light rc'inforcing may l)e desirable as a tie in 
case of cracking or vmevc'ii sc't (ling. Light rods or some type of 
mesh are used. Whc're used, reinforchig is usually placed in the 
center of the concrete in these structures except in crosspieces 
planned as beams. 


HEAD GATES 

The head gat.e for delivery from t.he canal system to the farm is 
usually installed a,iui contr<,)ll(Kl by the canal organimt^ion and is 
not a part of the farm dist.rih\dh)n syBtern. The t.ypes used are 
described in VoL IIL For farm n^servoir outlets or on larger 
farms for takeouts of farm latc^rals, similar head gates may be 
used. These may consist of closed conduita through the bank, 
consisting of wooden boxes or various kinds of pipe with a 
gate at the inlet end or of open-top structures with gates or 
flashboards. 
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DIVISION BOXES 

At division points on farm-supply ditches, control structures of 
permanent rather than movable type are usually installed. A 



Fig. 86. — Wooden division box for 2-ft. ditch. 

gate across both channels is usually required in order to control 
the division of the flow. For ditches of 2-ft. bottom width or 
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wiHidt*!! Hini'Ci linns l-in. inatonal similar to that shown 
III Kifi:. St) art» adta|uato. For Iarp;<'r liilclu^s, woodim st:ruetures of 
liunhor t)r rimi‘n*t(* slnuauros ar(‘ iistai. l'h<‘ uso of the two 
in i>nn s!rtH*!urn fMa’inils a savin.u; in, win^* walls compared 
\vitd two soparati* siructunns. Division boxes may a, Iso 

^i*rve as check pstes. 

CHECK GATES 

(1ic‘ek n:atf‘s are ustal to (‘onirol tlu^ water upstream from the 
^trudure so as to permit delivery from th<‘ ditch on to a,dja.eent 
liual or iiilt) otlH‘r ditches. Siu*h struetun's may he combined 
^vith drops where it is desinnl to removi* sur|)lus a;ra.de from the 
Dibh. 

The most essentia! ftmlure of a eh(‘(*k-jL*'afi‘ structure is the cut- 
cilT wail, Tidess this efT(*ctively cuts olT all seepaj^c’! under or 
-irouiid the structure, waslum*; out is liable to occur. For smaller 
j^tnudures, a 12-im dt*pt!i of eui-off sliouhl 1 h' useii. For dit,clies 
with depths of waUu'of 2 to ll ft.^ a d(*pth ol eut-oli of ,18 ia) 24 in. 
is tlesirahle. I’lie lapi:m’ <lt'|)tlis of (mt-oiT sliould be used in 
sandy soils, I1ie wiim’ walls shouhl eximid to the ctmter of 
i he ilibdi l)ank ami should be as hi^h ns the lop of tlie hank. 

DilTereiit tyfies of ^”ah‘s may b(‘ us(‘d. ‘riu^ ^aie opening; ma,y 
l>e closed witli a builf-mp ii:atc*witli handh' as in Fii^;. 87. Whenit 
is desired to raise* tlie elevation of tlie water ups(r(‘am from the 
l.rate and also to pmmdt part of tta^ (low to pass throup;li t he siruc- 
the gale is raisml until How it is <l<*sir<al to pa.ss will diS“ 
charge Ihrougli the opeming: und(*r {ht‘ pressure of thc^ upstrea,m 
wah^r elevation. 1his gives iiow through the lower ]m,ri of the 
irate* opening or tmderllow discharge. Anotluu* imdiiod of con- 
t rolling f lie fieiw is to ust* separate gate* pit‘C(‘S or llashboards (iilhig 
in the gale guides ns in log. 88. ddu* gale ofKming is closed l)y 
l>lnciiig sueh iiumbm* of fiashlHutrds u,s may Ik' rmptirml t^o give the 
dc^sired upstrenin water (*levaliom Flow through tim structure 
t hen oeeiirs as overpour over (h<' top flashlioanl. ( ontrol by 
civer|>our permits a eloH(*r rc‘gulalion of the upstreauu Witter elova- 
f ion with vmdat ions i a I Ih^ supply. The tmergy of th(^ waler pass- 
ing through the gate* is also more (atsily dissipaled with less 
teuflmicy to m‘o<le below the structure. 

Idle gati'^ groove imiy l>e h( 4 vtuiically er inclincal downsireain 
( Fig. 88 ). I1ie iritdiaml grocivt^ gives hm temhmey for tlie gate to 
float out and it is easier to pnwent. Ic^ahage by shovcHing earth on 
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its upstream side. Vertical gate grooves may be set within the 
box structure as in Fig. 86, or on the upstream face of the wing 
wall as in Fig. 88. 
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Fig. 87. — Single-wall check gate for 4-ft. ditch. 


The width of gate opening is usually the same as the bottom 
width of the ditch. This gives a large enough area of gate open- 
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Pig. 88.— Check gate with side walls and floor for 3-ft. ditch using l-in. lumber. 

ing to avoid excessive velocities. Gate openings up to 6 ft. in 
width can be handled as a single opening, although a center post 
with two gates may be used for ditches 5 to 6 ft. wide. 
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A single- wall wooden check gate for use in an earth ditch of 4-ft. 
bottom width is shown in Fig. 87. This type of structure is 
suited to check gates for ditches of this size or smaller, when used 
to hold water back for delivery above the structure for the follow- 
ing conditions: (1) where the entire flow is checked, (2) when part 
of the water is passed through the structure and the downstream 
water level is checked back to submerge the gate sill, (3) for short 
periods of use in resistant soils when water is discharged through 
the gate without downstream submergence. It is the simplest 
form of construction, as it consists merely of the wall across the 
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Fig. 89. — Double winp:-wiill check ficato for 3-ft, ditch using 2-in. himber. 


ditch and sufficient framework to fcumi the gate support. The 
structure shown consists of 2-in. lumber and 4 by 4 posts. For 
smaller structures, 1-in. material may be used. 

A light-weight wooden check gate for a 3-ft. ditch is shown in 
Fig. 88. To protect against erosion below the gate, a short 
length of flume box is attached to the downstream side of the head 
wall. The length of such side walls and floor varies from a 
minimum of 3 ft, for small ditches to an amount equal to or some- 
what larger than the bottom width of the ditch for ditches up to 6 
ft. in width. This type of check gate is adapted to structures in 
medium soils, where the period of use of the check gate or the 
passage of part of the flow when in use would cause erosion, 

A double wing-wall check gate is shown in Fig. 89. The down- 
stream wing wall provides protection against erosion from below 
of the backfill around the side walls. It is a preferable form o: 
construction for sandy soils or for very heavy soils which tend t( 
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crack when dry, as tlic backfill can be puddled bet ween the two 
wing walls. IMic downstream wing wall should (ixtrrnd well into 
the ditch banks but needs to be only deep enough to prevent ero- 
sion from the flow leaving (he sl.ructure. 
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A concrete check gadn nhown in Fii*;. 90. This consisi H of a 
cross wall coni.aining the gate with a siadion of concridi^ lining on 
the downsireani side to prevent erosion, Huch prot ect ion is more 
economically constructed as a lining on t,h(^ cross scaddoii of the 
ditch than as side walk cast in forms. A thickness of lining of 3 
in. is adequatic; where little water passes the st.ru wlien in use 
as a check or for mild climatic conditions, a 2-in. t^.hickness may be 
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sufficient. A double wing-wall concrete check gate is shown in 
Fig* 9L 

DROPS 


Where the gradient of the ditch produces velocities tliat cause 
erosion, the excess fall is concentrated at drop striKduic^s. hoi 
farm ditches the fall at each 


structure does not usually 
exceed 2 ft,, the structures 
being spaced at such intervals 
as tlie slope may require. 
Drops may be combined witli 
check gates where cliecking up 
for delivery is also re(|uired. 

A typical drop for a 3-ft. 
ditch is shown in Fig. 92. 
As the difference in elevation 



Pig. <}L— Double \viojr.-wall <‘on(TofiO 
cheek 


of the water surface above and below the siruct.ure is la.rg(U' 
than for check gates, a somewhat deeper cut-off should be 
used. The same general types of single-wall, wall-and-box. 




Fro. 92. — Wooden drop for 1-ft. fall on ditoh 3 ft. wide, 
and double wing-wall construction may be used as those 
illustrated for check gates. The single-wall structure is seldom 
suitable for use as a drop due to the lack of protection against 


200 


USE OF IRRIGATION WATER 


downstream erosion. The floor may be depressed below the 
grade of the ditch on the downstream side of the structure to 
form a water cushion for the water passing the gate as in Fig. 92. 
The length of boxing for drops should be somewhat greater than 
that for check gates owing to the greater energy of the falling 
water to be dissipated. 



Fig. 93.—-SinglG-wall wooden levee Fig, 94.— Concrete levee gate for deliv- 
sate. ery into border checks. 


LEVEE GATES 

This term is used to describe the structures set in the ditch 
banks to control flow into the adjacent checks. For such deliv- 
ery the water in the field ditch needs to be held a minimum of 6 in. 
above the elevation of the adjacent land on which delivery is to be 
made. 



Fig. 95. Concrete levee gate using double flashboards for the gate. 

The gate area can be adjusted to the flow to be delivered into 
each check. Such area is preferably obtained mainly as width, 
rather than as depth of flow. The gate sill should be placed at or 
somewhat below the level of the adjacent land. If placed at the 
elevation of the bottom of the ditch a larger area of gate opening 
is obtained, but leakasre when not in use is increased and the 
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structure is more expensive. The width of gate opening should 
be adjusted to the depth of flow and discharge, so that the 
velocity through the gate opening does not exceed 3 ft. per 
second in order to avoid erosion of the land adjacent to the 
gate. 

Similar types of grooves and gates are used as for check gates. 
The cut-off wall is usually placed at the center of the ditch bank. 
As the water pressure against the structure is less than that for 
drops or check gates, somewhat less depth of cut-off can be used. 

A single- wall wooden levee gate is shown in Fig. 93. This 
requires a longer wall than where the ends of the cut through the 
ditch bank are supported by side walls. A levee gate with a 



90 . — Combined concrete check Fig. 97. — Concrete-pipe levoe gate with 
gate and levoe gate, showing forms used sloped head wall, 

for cross walls. 


single concrete wall containing the gate set in a plastered opening 
in the ditch bank is shown in Fig. 94. A concrete levee gate with 
a double dashboard is shown in Fig. 95. The space between the 
two dashboards can be filled with earth to prevent leakage when 
not in use. The ends of the ditch bank are trimmed to a vertical 
section and the structure built with one form at each end of the 
gate, the remainder of the concrete being poured against the earth 
surfaces. A combination of such a levee gate with a check gate is 
shown in Fig. 96. A concrete-pipe turnout with a concrete face 
slab containing the guides for a galvanized iron gate is shown in 
Fig. 97. These are used in diameters from 6 to 14 in. The head 
walls attached to a short length of pipe can be obtained from most 
concrete-pipe yards. Such number of lengths of pipe are added 
as may be needed to reach through the ditch bank. Similar 
turnouts, consisting of a galvanized-iron gate attached to gal- 
vanized-iron pipe extending through the ditch bank, are also 
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used. Such gates with 2 ft. of attached pipe cost about $2.50 for 
8-in. and $3.50 for 12-in. size. 

ROAD CROSSINGS 

Road crossings over the permanent farm ditches are needed in 
handling farm equipment and crops. Such crossings may be 
either culverts to carry the water under the roadway or bridges 
which carry the roadway over the ditch. Such crossings within 
the farm are on private roadways and do not have the same 
responsibility for public safety that attaches to similar crossings 
on public roads. In some cases the farm delivery may be made 
at a distance from the farm and the farm owner may have to 
provide his own lateral to the farm. If such laterals cross public 
highways, the crossings have to meet the legal requirements of 
such culverts and bridges. 

Farm crossings need to be only of such strength and width 
as may be required for the passage of farm traffic. Public road 
crossings have specified minimum widths, usually 16 ft., which 
will permit passage of vehicles on the crossings and sufficient 
strength to carry the traffic which may use the public highway. 
This requires stronger and more permanent construction. When 
built to comply with the county or state requirements, mainte- 
nance may be taken over by the public organization maintaining 
the highway. 

The choice between culverts and bridges depends on the size of 
the ditch and the relative grades of the ditch and road. For farm 
roads the grade of the road may be raised to the grade of the top of 
the ditch bank giving clearance for a bridge without restriction on 
the cross section of the ditch. For public roads the ditch is 
usually required to cross under the road grade so that depressed 
culverts or siphons are frequently required. Where either may 
be used, culverts are more generally chosen for the smaller ditches. 

Culverts consist of any suitable type of conduit with suitable 
inlet and outlet structures. The conduit is usually of vitrified 
clay, corrugated metal, concrete or wood pipe, or of wood box 
construction. Strength against external load is required; the 
internal pressures are usually too small to be a controlling factor. 
Types of culverts are shown in Fig. 98. An earth covering of 18 
in. is needed for adequate spreading of wheel loads. Straight 
inlet and outlet walls are sufficient where the grade of the culvert 
is only slightly below that of the ditch. Where the culvert has 
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to be lowered under the roadway, inlet and outlet basins arc 
required. 

The capacities for culverts 20 ft. in length are shown in Table 
XXVIII. The difference in water-surface elevation at inlet and 
outlet is used largely in overcoming entry and exit losses rather 
than in friction in the culvert pipe. Where the difference in heatl 



< 20^ on county roaefs^ ^ 

I 8 to W* on farm roads 
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1^ ''Not less than 18" 


Fig. 98.- 

metal or ^ 

wood pipe 

LongifudinttI Section 
—Typical road culvert for small 

ditclios. 


results in pipe velocities in excess of that which the adjacent soil 
can withstand without erosion, the ditch will reciuire protec- 
tion for a few feet below the outlet. Such protection may bo 
of either concrete lining, rock riprap, or wooden box construction. 


Table XXVIII. — Capacities in Second-eebt of Puna Culverts 20 Ft. 

IN Length 


Diameter 
of pipe, 

Difference in elevation between inlet ajul outlet water bwels, 
inches 

inches 

2 

4 

6 

8 

10 

12 

6 

0.45 

0.60 

0.75 

0.85 

0.95 

1 . 05 

12 

1.85 

2.62 

3.20 

3.70 

4.15 

4.55 

18 

4.25 

6.00 

7.30 

8.45 

9.45 


24 

7.90 

11.20 

13.70 

15.85 




Wooden bridges used on farm ditches are of the stringer i-ypc; 
the span required is within the limits adapted to single spans of 
this type. Such bridges consist of 2- or 3-in. flooring resting on 
stringers at right angles to the direction of the ditch, the stringers 
in turn resting on wooden or concrete mud sills set in tlic canal 
bank. Figure 99 illustrates such a bridge, as used on public 
roads. For farm bridges, widths of 8 ft. for ordinary equipment 
are adequate and, for crop loads, lighter-weight construction 
may be used. The stringers vary from 3 by 10 for spans of 6 to 
8 ft. to 3 by 14 or 5 by 12 for spans of 12 to 16 ft. Such stringers 
are usually spaced about 2 ft. apart. 
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For small farm ditches, crossings may be made by widening the 
ditch and flattening the side slopes so that no bridge is required. 
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This is frequent practice for field ditches in the wild-flooding 
method, as crossing of the ditches usually occurs at times when 
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the ditches are not in use for irrigation. Crossings may be 
avoided by leaving a roadway at the lower end of the field 
ditches. 

STOCK GUARDS 

Where irrigated fields are pastured or where stock may enter or 
leave fields along roadways, some provisions are required for 
closing the opening under the fence made by the ditch. This 
may not be required for the smaller ditches and larger stock. 
Such stock guards may consist of a lower wire on the fence set to 
clear the water surface in the ditch or the sagging of all wires at 
the ditch by hanging a weight in the ditch. A swinging stock 
guard which will clear itself of weeds and other debris that may 
become caught by the guard is shown in Fig. 100. Some lining 
may be needed to avoid erosion of the ditch below such a guard 
due to the higher velocity when partly clogged. 
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THE SELECTION AND COST OF SMALL PUMPING 
PLANTS 

Water is pumped for irrig;ation both from surface sources, such 
as streams, lakes, or canals, and from ground- water sources, 
such as wells. Of the area supplied from streams, over 10 per 
cent diverts by pumping and about 7 per cent additional supple- 
ments its stream supply from wells. The U. S. Census returns 
show that in 1929 over 2,000,000 acres, representing about 10 per 
cent of the total area irrigated, were irrigated entirely by pump- 
ing from wells; springs supplied over 200,000 acres and flowing 
wells nearly 50,000 acres additional. The area supplied by 
flowing wells decreased about 65 per cent in the 20 years from 
1909 to 1929; the area supplied by pumping from wells increased 
over 400 per cent in the same j)erio(l. d'hc area supplied by 
pumping from wells incrc^ased m^arly 800, 000 a^cres from 1919 to 
1929. For the same |)eri()d the total a-nui irrigated from all 
sources increased only about Hr)0,0()(} a(n*es, indicating that the 
gain in area served by pumi)ing cxccxxled the decrease in area 
served from other sources. 

Nearly 1,500,000 acres, or about three-fourths of the area 
served from pumped wells, is in California. Pumping from wells 
is also used in California as a su})pl('mental source of supply for 
an additional area of nearly 800, 000 a.cres. Ijouisiana and 
Arkansas rank second and third in area served from wells; 
Arizona is the only other state ptunping for over 100,000 acres. 
Nearly half the total area servcnl by flowing wells is in New 
Mexico. While the areas supplied from ground water are still 
small in many of the western st.at^es, fut ure development can be 
expected to utilize pumping ixiore (^xivnsively. 

Pumping from wells on each farm rc^preBents a type of water 
supply which can be developed indc^pcmdently by each landowner 
and does not require participation with otliers in the construc- 
tion and operation of irrigation works. While joint operation of 
pumping plants is often ect)nomical, the independence in time and 
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extent of operation of each plant is a factor that has led many 
to pump from ground water rather than to secure water from 
canals. 

SOURCES OF GROUND WATER 

An extensive discussion of the sources and extent of ground- 
water supplies is outside of the scope of this volume. Emphasis 
should be placed, however, on the fact that ground- water supplies, 
in common with surface supplies, have some definite source, 
move toward some outlet, and cannot furnish permanently any 
larger draft than the amount of the incoming supply. Ground- 
water supplies differ from surface streams in that pumping may 
temporarily draw on the accumulations of ground water and thus 
secure a supply in excess of the rate of replenishment, but such 
pumping results in progressive ground-water lowering with 
increased pumping lifts and costs. While it is more difficult 
to determine the extent of ground-water supplies than for 
surface streams, methods are available by which the extent of the 
available supply may be at least approximated. Development of 
any ground- water supply should proceed conservatively until its 
limitations have been determined. In too many areas, the ability 
to secure good ground-water yields by drawing on ground-water 
accumulations has been mistakenly interpreted as indicating 
large permanent supplies and has resulted in overdevelopment. 
The economic losses which eventually result from the necessary 
reductions in draft are greater than the gains during the period of 
use. 

The quality of ground water varies more widely than that of 
surface streams. Variations in the quality of ground water 
occur between localities and in the water in different strata in the 
same locality. While the majority of ground waters available for 
irrigation is of suitable quality for such use, unless the ground 
water is known to be suitable from the experience of adjacent 
practice, the supply from new wells should be analyzed before it is 
used. While, water of poor quality may be used for some time 
without noticeable effect on the crop yields, such water cannot be 
used permanently without injury to the land. 

Flow of Water to Wells. — The yield that may be obtained from 
a well varies with its depth and the material through which the 
water moves into the well. Draft from a well results in lowering 
the ground water around the well. Such lowering is called the 
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drawdown of the well. The amount of the drawdown represents 
the loss of head or pressure required to overcome the friction 
losses of the flow of water through the surrounding material to the 
well. Within the limits of the capacity of a well, the yield varies 
with the drawdown, although each increment of discharge may 
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Fia. 101. — Well in water-bearing strata without pressure. Perforations in water- 
bearing strata only. Casing landed in dry strata. 

require a larger increment of drawdown. For any well there is a 
limit to the economical yield. Larger yields result in too great an 
increase in lift; smaller yields result in too small an output in 
relation to the cost of the well. 
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Fig, 102. — Well in water-bearing strata under pressure using both perforations 
and open bottona. Not perforated for surface water. 

Figure 101 illustrates the drawdown in a well penetrating differ- 
ent water-bearing strata where the ground water occurs without 
pressure. The drawdown reduces the area of inflow to the well 
in the surface water-bearing strata. The well should be deep 
enough to penetrate sufficient water-bearing strata to furnish the 
desired yield without exceeding a reasonable amount of draw- 
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down. The well casing is perforated only in the water-bearing 
strata. 

Figure 102 illustrates the flow of water to a well where the 
ground water is under pressure. Unless the drawdown reaches 
the "top water-bearing strata that is perforated, no loss of inflow 
area occurs. The well casing is perforated in the water-bearing 
strata which are under pressure, the surface water which is not 
under pressure being excluded from the well. The well casing is 
landed iii an impervious layer and the well bored through to the 
next underlying water-bearing stratum from which water is 
drawn through the bottom of the well. Water in different strata 
may be under different pressures. The pressure reduces the 
pumping lift required. In some areas the pressure is sufficient 
to cause the water to reach the ground surface, resulting in flowing 
or artesian wells.* The yield of flowing wells may be increased by 
pumping. 

Yield of Wells.— For irrigation use, a yield of 200 gal. per 
minute represents about the smallest supply that can be used 
economically under usual practice. For very favorable condi- 
tions in coarse water-bearing material, yields of several second- 
feet may be obtained. Yields of 400 to 800 gal. per minute 
represent typical capacities for wells used for irrigation. In 
coarse materials, good yields may be obtained with drawdowns of 
10 to 20 ft. Many wells heavily pumped have drawdowns of 
over 30 ft. ; in tight materials drawdowns may exceed 50 ft. For 
usual conditions, drawdowns of 10 to 25 ft. are typical. In 
tighter materials, the same yields may be secured with less 
drawdown, by using two or more wells spaced 10 to 20 ft. apart, 
connected to a single pump, as from a single well. 

WELLS 

Wells may be dug, bored, or drilled. Dug wells are used where 
the pump is set at or near the water table. Such dug pits may be 
as small as 4 ft. in diameter for vertical types of pumps. Where 
a pump and direct-connected motor are set in a dug pit, the size 
of the pit depends on the space required for the equipment. 
Rectangular or circular pits 10 to 12 ft. in size are typical of those 
used for direct-connected horizontal centrifugal pumping plants. 
Bored or drilled wells are used below the pit to penetrate the 
water-bearing material. 
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Wells used in irrigation ate generally drilled (Fig. 103) . Diam- 
eters vary from 10 to 20 in. under usual conditions. Where more 
than one well is used to supply a pump, or where only small 
3delds can be secured, wells of less than 10 in. may be used. For 
the larger sizes of pumps which are set within the well casings, 
wells up to 24 or occasionally 30 in. in diameter may be used. 

The depth of wells for irrigation varies with the formation and 
discharge desired. Usual depths are 60 to 300 ft. Shallow wells 



Pig. 103. — Well rig, sand bucket, and stovepipe casing. {Courtes'i/ of Bureau of 
Agricultural Engineering, U, S. Department of Agriculture.) 


may be used in open formations free from impervious strata. 
Where the water-bearing strata are separated by thick strata of 
tight material, it may be necessary to use wells several hundred 
feet in depth in order to secure an adequate water supply. 

Well casing may be standard steel screw casing, single-riveted 
casing, or double-riveted casing of the California stovepipe type. 
The latter consists of two cylindrical casings, the smaller of which 
fits inside the larger. The sections are 2 to 4 ft. in length and 
are put together with broken joints. The casing is forced to 
follow the drill in the well by means of hydraulic jacks. 

Where the location of the water-bearing strata and the final 
depth of the well are known, the casing can be made up as used, 
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so that tho perforated portions come opposite the water-bearing 
strat a. In much well drilling the desired location of the perfora- 
tions is not known in adv:inee and the casing is perforated in 
place. Various i)erforating tools are used, which generally give 
long narrow slit openings. The total area of the perforations 
should be large (mough to permit ready inflow of water; it should 
be at least five I lines t he cross-sectional area of the well in order 
to have low velocities and less loss of head through the 
perforations. 

l\k‘lls are usually developed by pumping and surging so as to 
remove t he finer sands from the material surrounding the casing 
and to jicrmiti more ready inflow. In materials containing coarse 
sand and graved, considerable fine sand may be removed and the 
yield largely incrc'ased. Excessive sand removal may leave 
cavities around the casing and result in caving. In fine sands, 
the wcdl may be drilled to a larger size than the casing and the 
space around tho casing filled with fine gravel which acts as d 
strainer for the sand. 

It is usual to land the ciising in tight material when available. 
Wliere s\ifficient. flow can be secured from one water stratum, the 
casing may be landed in clay above the water-bearing material 
and the well drilled t.hrough. This gives what is called an 
“oixm-bottom well” and avoids perforations. Combined per- 
forated and op(!n-bottom wells may also be used. 

The discharge of wells should be developed before the perma- 
nent pumping e(juipmont is installed. Development with tem- 
jKirary C(iuipment enables tho permanent pump to be selected in 
accordance with the results of pumping tests during development 
and avoids the wear caused by the sand pumped during the test 
period. While such development and testing of the well add 
somewhat to the cost, the better selection and saving in wear on 
the permanent installation will usually justify the additional 
expense. 

Costs of well drilling vary with the size, depth, and formation. 
General costs applicable to California areas, free from cemented 
materials or boulders, are shown in Table XXIX. These cOTts 
are exclusive of the cost of the casing or its perforation. Tor 
less favorable conditions, drilling costs may be twice as high as the 

prices given in Table XXIX. ,1.1 r 

Tho cost of well casing depends on the size and thickness 01 
metal used. For larger and deeper wells, 10-gage casing should 



212 


USB OF IRRIGATION WATER 


Table XXIX. — General Costs of Well Drilling per Foot for 
California Conditions 


Diameter 
of well, inches 

Depth of well 

First 

200 ft. 

From 200 
to 250 ft. 

Fi’om 250 
to 300 ft. 

Ifrom 300 
to 350 ft. 

From 350 
to 400 ft. 

8 

11.00 

11.50 

$2.00 

*2.50 

13.00 

10 

1.25 

1.75 

2.25 

2.75 

3.25 

12 

1.50 

2.00 

2.50 

3.00 

3.50 

14 

1.50 

2.00 

2.50 

3.00 

3.50 

16 

2.00 

2.50 

3.00 

3.50 

4.00 

18 

2.50 

3.00 

3.50 

4.00 

4.50 

20 

2.50 

3.00 

3.50 

4.00 

4.50 


be used; for smaller or more shallow wells, 14-gage may be suffi- 
ciently strong. For intermediate conditions, 12-gage is pref- 
erable. General costs of stovepipe casing applicable to California 
conditions are shown in Table XXX. A heavy starting section 
10 to 15 ft. long is used on the bottom of the casing. A three-ply 
starter costs about twice as much per foot as the same size of 
double casing. 


Table XXX. General Costs per Foot of Double Stovepipe Casing 
FOR California Conditions 



SELECTION OF THE SIZE OF PLANT 

For the tighter formations, the maximum yield may be less 
than the desired capacity and the ground-water conditions will 
control the size of plant used. Where larger capacities can be 
obtained, there may be a choice of sizes of plants which may be 
used. In many areas, large enough yields may be secured so that 
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continuous operal ion is not. required to meet the needs of the area 
to be served. 

The scu'viee requirement s of any pumping plant will depend on 
the area to be sc^rved and the factors which affect the rate at 
which Wiii vr is used. Tlu^ water requirements of crops have been 
discussed in Chaps. I V and V. The reciuired capacity is deter- 
mined by the period of niaxinmm crop demand. For deep- 
rooted crops or for diversified areas, the demand may be 
distributed so t hat fairly stea.dy operation may be secured. 

Where yields in excess of the maximum requirements of service 
may be secnired, a choice is offered between continuous and part- 
time operat ion. A smaller plant operated more nearly con- 
tinuously will luive a smaller first cost and, with electric power, 
lower av(U’uge power costs. The supply obtained may be too 
small for effichent irrigation unless a reservoir is used to store the 
discharge for use in larger rates of flow. Such reservoirs also 
reduce the time of irrigat ion with a decrease in the cost of labor in 
applying water. A larger plant gives more flexibility in the 
adjustment of irrigation with other farm operations and each 
crop can be more quickly irrigated at its critical period of growth. 
Where groumbwater conditions permit such choices in plant 
capacity, many instalhitions are selected so as to operate from 
one-third In two-thirds of the time during the periods of main 
irrigation (kunand. For more expemsive plants or high lifts where 
greater economy in operation is required, operation may be nearly 
continuous. Pumping 24 hr. a day nearly continuously for 
several months is frcHiuently practiced by many of such Cali- 
fornia plants. On tlu^ othc^r extreme are pumping plants supply- 
ing only supplemental irrigation, with occasional periods of 
operation. Plants of large enough capacity may be operated 
only during tlie daytime. 

Reservoirs.— The economies of smaller plants continuously 
operated and the advantages of larger irrigation heads may be 
secured throtigh the use of reservoirs. Such reservoirs usually 
have a capacity sufficient to hold 12- to 36-hr. discharge of the 
pumping plant. A capacity of 16-hr. pumping, so that irrigation 
can be limited to 8 hr. per day, is typical. 

Such reservoirs are usually built by excavating the material 
for the banks from the area which is to form the reservoir. The 
banks have top widths of 2 to 3 ft. with side slopes of to 
2 ft. horizontal for each foot of vertical height. The depth 
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of water stored is usually 4 to 6 ft. To store a discharge of 450 
gal. per minute for 12 hr. would require a reservoir about 100 ft. 
square, holding water to a depth of 4 ft. The construction of 
such a reservoir without lining costs about |150. Larger reser- 
voirs having an area of 1 acre cost about $400.00, where the 
value of the land used is $100.00 per acre and the cost of 
excavation $0.12 per cubic yard. 

Where the soil is pervious, there may be considerable seepage 
from an earth reservoir. Such loss may be reduced by the use of 
puddled clay, oil, or concrete. For usual conditions, clay puddle 
or oil linings cost about 1 ct. per square foot, which about doubles 
the cost of unlined reservoirs. Concrete linings cost from 4 to 
8 cts. per square foot, depending on the availability of the 
materials and the thickness of the lining used. 

The economy of reservoirs depends largely on the form of the 
rate used for power. With high demand charges and low service 
rates there is a larger saving in power costs with a smaller plant 
operated more nearly continuously than would be the case with 
the form of power rates shown in Table XXXVIII. Reservoirs 
are not so generally used under such a form of rate as in former 
practice with larger demand charges per horsepower of connected 
load. 


KINDS OF PUMPS 

No one kind of pump is adapted to all of the varying conditions 
encountered in the use of ground water for irrigation. While 
there are a large variety of standard and special pumps available 
for such service, nearly all plants use one of the types of pumps 
described in the following pages. It is usually advisable for an 
individual owner to install one of the more generally used and 
thoroughly tried types of pump, leaving experiments with new 
types to those more thoroughly familiar with the operation of 
such equipment than is the usual irrigator. 

CENTRIFUGAL PUMPS 

This term is used for the ordinary type of centrifugal pump. 
It does not include deep- well turbines, although these operate on 
the centrifugal principle. Centrifugal pumps may be either hori- 
zontal or vertical, their classification on this basis depending on 
the position of the pump shaft instead of the plane of revolution 
of the vanes or runners. 
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A centrifugal pump consists of a circular casing with its inlet or 
suction end connected to the center, and its outlet or discharge 
end forming a tangent to the outer circumference. Inside the 
casing is the runner or impeller, which is keyed on the shaft and 
revolves with it. It consists of curved vanes closely fitting the 
casing. The revolution of the pump shaft and impeller imparts a 
centrifugal force to the water between the vanes which forces the 
water away from the center to the rim of the casing and into and 
through the discharge pipe. The outward flow of the water in 
the pump casing produces a partial vacuum at the center of the 



Fig. 104. — Horizontal centrifugal pump direct connected to motor. {Courtesy of 

Byron Jackson Co.) 


impeller which causes water to flow into the casing, giving a 
continuous discharge. The discharge of a centrifugal pump is 
dependent on the speed, size, and form of the impeller and the lift 
or head against which the pump is working. For each pump 
there is a definite relationship between the speed of the pump, the 
lift, and the discharge. For each lift there is a speed at which the 
pump will operate most efficiently. The design of the impeller is 
based on both theory and experience. The manufacturers of 
centrifugal pumps will furnish ratings of their pumps. Purchase 
specifications designate the performance conditions to be met, 
leaving to the manufacturer the selection of the form and size of 
runner which will meet the performance requirements. Similar 
pumping results may be secured with larger runners of slower 
speed or with high-speed small impellers. Overspeedmg is 
preferable to underspeeding, but any variation from the proper 
speed for the operating conditions reduces the efficiency of the 
pump. 
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Centrifugal pumps are both bdi-th'iven and direct-connected to 
motors. Figure 104 reprcsoid-s a typical direct-conru'ctcd hori- 
zontal centrifugal pump of a tyin; frcHjuenlly ustal for irrigation. 



Figure 105 illustrates the installation of such a pump in a pit. 
Ihe well extends below the pit into i,h(i water-bearing inatorial, 
lo start a centrifugal pump, the suction pip(> and the pump 
casing must be filled with water or primed, d'his may la* done by 




SMALL PUMPING PLANTS 


217 


closing the discharge pipe with a check valve and connecting the 
suction end of a hand pump to the top of the casing. For small 
pumps and low lifts, a foot valve attached to the end of the suc- 
tion pipe may be used and the pump primed by pouring water into 
the casing and suction pipe. If sand or other obstacles prevent 
tight closing of the foot valve, leakage through the valve may 
interfere with priming. Foot valves should not be used for lifts 
of over 40 ft. for sizes over 8 in. or for long discharge pipes, as 
the water hammer due to a sudden closing of the valve when the 
pump is stopped may split the shell of the pump. 

While centrifugal pumps will operate under suction when 
primed for starting, it is advisable to keep the suction lift as small 
as may be practicable. While theoretically the pump will operate 
under suction lifts as great as 33 ft. at sea level and 30 ft. at an 
elevation of 3,000 ft., suction lifts in excess of 15 ft. result in 
decreased efficiency. It is necessary to operate horizontal 
centrifugal pumps under suction to avoid submerging the driving 
power. Vertical pumps may be more readily submerged and 
priming avoided. The smaller sizes of horizontal pumps of the 
grades used in irrigation are usually somewhat more efficient 
than vertical centrifugal pumps, owing to the shorter shaft and 
reduced difficulty of properly balancing the end thrust, but such 
advantages may be lost if horizontal pumps are operated under 
excessive suction. 

Centrifugal pumps are designated commercially by the diam- 
eter of the discharge outlet in inches and the diameter of the 
runner; a 3 by 12 pump having a 3-in. outlet and a 12-in. runner. 
For the same diameter of outlet, the discharge varies with the 
size and design of the runner and the conditions of operation, so 
that capacities cannot be definitely stated for the different sizes. 
The general range of capacities for the centrifugal pumps used in 
irrigation is shown in Table XXXI. 

Different types of centrifugal pumps are used for different 
classes of service. For pumping from wells with total lifts not 
exceeding 60 or 80 ft., the single-stage lower-speed stock type of 
pump of lower costs may be used. F or higher lifts, such as pump- 
ing from open sources of water supply, higher-speed better-built 
single-stage pumps may be used for lifts up to or exceeding 200 ft. 
For the lower-head types of centrifugal pumps, the speeds for belt^^ 
connected pumps depend upon the capacity and lift. For small 
sizes of such pumps, speeds vary from 800 r.p.m. on low hfts to 
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Table XXXI. — Capacities of Centrifugal Pumps in Gai.lons per 

Minute 


Size of pump 

Minimum 

Maximum 

Usual 

2 

75 

200 

125 

3 

150 

400 

250 

4 

300 

700 

450 

5 

400 

1,000 

700 

6 

600 

1,‘200 

900 

8 

900 

2,000 

1,600 


1,800 r.p.m. on lifts of 60 to 80 ft.; for larger sizes the speeds vary 
from 600 r.p.m. on low lifts to 1,000 r.p.m. on larger lifts. For 
motor-driven direct-connected pumps, speeds of 1,750 or 3,500 
r.p.m. are typical of usual practice. For higher lifts, compound 
or multiple-stage centrifugal pumps can be used. These consist 
of two or more pumps connected in scries on a single shaft with the 



Pig. 106. — Typical characteristic curves for small low-lift centrifugal pump 
operating at a constant speed. 

discharge of the first pump or stage delivered into the inlet of the 
succeeding stage. Multiple-stage centrifugal pumps are fre- 
quently used in other types of pumping but have a limited appli- 
cation in irrigation. 

Typical discharge head or lift, over-all efficiency, and power 
relationships for a small centrifugal pump under favorable con- 
ditions of operation are shown in Fig. 106 for operation at a 
constant speed. The best efficiency is obtained at the head for 
which the pump is designed. When operated at the same speed, 
the pump will deliver water at both greater and lesser heads but at 
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a reduced efficiency. As the discharge delivered at the smaller 
heads increases more rapidly than the reduction in the head and 
efficiency, the power required increases as the discharge increases. 
By changing the speed to meet changes in head, more uniform 
efficiencies can be obtained over a wider range of discharge. 
By proper design of the runner, higher efficiencies at the designed 
head with more rapid decrease in efficiency with changes in head 
may be secured. Such runners are desirable when pumping 
under fixed lifts; for pumping from wells with the usual fluctua- 
tions in lift, the broader type of efficiency curves usually gives 
higher seasonal average efficiencies. 

The efficiency shown in Pig. 106 represents the efficiency of the 
pump alone. Pumping plants for irrigation include inlet and 
outlet pipes with bends and valves. Power has to be supplied to 
overcome the frictional losses in the inlet and outlet lines of the 
pump as well as in the operation of the pump in raising water 
through the static lift. Different numerical values for the 
efficiency will be obtained, depending on the basis used for meas- 
uring the work accomplished. The pump manufacturer is 
responsible for the efficiency of the pump alone and, in many 
pump guarantees, the head against which the pump works is 
determined by the differences in pressure shown by gages at the 
inlet and outlet of the pump. Such efficiency for the pump 
alone will be numerically higher than the over-all efficiency of the 
entire plant. It is essential that the basis on which the efficiency 
is to be determined should be specified and understood in any 
pump guarantee. The power for driving the pump must be 
selected on the basis of the over-all efficiency. The losses of 
power in the inlet and outlet depend on the length and sizes of 
pipes used and the arrangement of valves. For usual conditions 
the over-all efficiency for small centrifugal pumping plants 
operating from wells will be about 5 per cent less than the effi- 
ciency of the pump alone. 

The efficiency of a centrifugal pump depends on the conditions 
of operation as well as the design and construction of the pump. 
As shown in Fig. 106, the efficiency will vary with changes in the 
pumping lift. As the conditions of pumping from wells are 
frequently not uniform, the average seasonal efficiency of such 
pumps will usually be less than the efficiency of the pump under 
constant and favorable conditions. The guaranteed efficiencies 
both for the pump alone and for the over-all efficiency, which the 
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manufacturer can meet in an acceptance test, are higher than the 
owner can expect to maintain over a long period of operation. 

The efficiency of centrifugal pumps varies with the size. For 
pumps selected to meet the conditions of operation and with 
properly selected inlets and outlets, the continuous-operation 
over-all efficiencies shown in Table XXXII should be obtained. 
These efficiencies are based on the power delivered to the pump 
and the water lifted through the static head. 

Table XXXII. — Ovbb-all Eepiciencies That Should Be Obtained 
UNDER Continued Operation op Single-stage Cbnteipugal Pumps 
Based on power delivered to pump and static lift 


Size of pump 

1 

Usual capacity, 
gallons 
per minute 

Efficiency, 
per cent 

i 

2 ' 

125 

35 

3 

250 

45 

4 

450 

50 

5 

700 

50 

6 

900 

55 

8 

1,600 

55 


Tests of large numbers of centrifugal pumping plants under 
field conditions show smaller average over-all efficiencies than 
those shown in Table XXXII. This is due to the inclusion in the 
average of many plants poorly selected in relation to the operating 
conditions, improper speeding in relation to the lift, particularly 
where ground- water levels have fluctuated, and excessive losses in 
inlets and outlets. A well-selected and maintained plant with an 
average grade of equipment should maintain the efficiencies 
shown in Table XXXII. Higher-grade equipment under favor- 
able conditions of operation will show somewhat higher efficiencies. 

Approximate factory costs of centrifugal pumps are shown in 
Table XXXIII. Costs of centrifugal pumps vary with the type 
of inlet and casing and character of workmanship. The cost 
figures in Table XXXIII are not a definite guide to costs in 
individual installations but furnish a general comparison of the 
relative cost of different sizes and types. 

The costs for belt connection include the coupling and pulley; 
those for direct connection are complete except for the driving 
motor. The larger cost of belt-connected pumps is due to the 
higher speed usual with direct-connected pumps and the larger 



SMALL FVMPINQ PLANTS 221 


Table XXXIII. — Appkoximate Costs of Single-stage Oentkipugal 

Pumps 


Size 

of 

pump 

Usual capacity, ^ 
gallons 
per minute 

Cost for less expensive 
pumps for lifts 
up to 80 ft. 

— - 

Cost for higher-speed 
medium-grade pumps, 
lifts up to 150 ft. 

Belt 

connection 

1 

Direct 

connection 

Belt 

connection 

Direct 

connection 

2 

125 

$ 45 

$ 65 

% 65 

$125 

3 

250 

60 

85 

90 

175 

4 

450 

80 

120 

110 

200 

5 

700 

100 

135 

125 

250 

6 

900 

125 1 

150 

170 

325 

8 

1,600 

180 

250 

225 

460 


bed plate required. The cost of two-stage centrifugal pumps is 
about four times that of single-stage pumps of similar capacity. 

Centrifugal pumps are used for lifts of 30 to 40 ft. from wells, 
the pump being set within suction limit of the ground water. 
The pit is frequently carried to the ground water with the pump 
placed at or near the ground water level, the drawdown becoming 
the suction lift. Horizontal centrifugal pumps were formerly 
used directly connected to motors in pits up to 40 or 50 ft. in 
depth. Vertical centrifugal pumps connected to the driving 
power at the ground surface by a long vertical shaft were also 
used with pits up to 75 or occasionally 100 ft. in depth. Both of 
these deeper-pit types of installation have been largely replaced 
for new installations by deep-well turbine plants. Where the 
ground water is subject to a considerable range of fluctuation, 
resulting in either submergence of the pit or excessive suction, 
deep- well turbines are now being used in preference to centrifugals 
for average depths to ground water as low as 26 or 30 ft. For 
conditions to which it is adapted, the centrifugal pump will 
furnish the capacity of the well at lower first costs and operating 
costs with the minimum of mechanical complications. Centrif- 
ugal pumps are also extensively used for pumping from surface 
sources of water supply. 

DEEP-WELL TURBINES 

This term is used to designate a type of centrifugal pump 
adapted to operate within the limited space conditions of the weU 
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casing. This makes it necessary to use small-diameter impellers, 
or “bowls” as they are generally called, which reduce the amount 
of lift obtainable from each stage. The impellers may be of 
either the open or closed type (Fig. 107). The lower impellers 
in Fig. 107 are of the centrifugal type; the upper represent mixed- 
flow impellers. A separate stage or bowl is generally used for 
each 15 to 30 ft. of lift, so that deep-well turbine pumps are nearly 
always multiple-stage units. The pump is suspended in the well 
from a pump head, at the ground surface, the driving power being 


transmitted to the pump through a vertical shaft. The pump 
head includes the connections for the driving power and the 
bearings which carry the weight of the pump. The pump 
column, which includes the driving shaft and discharge pipe, is 
usually built in 10-ft. sections. The discharge pipe surrounds the 
driving shaft. The shaft is separated from the discharge pipe by 
an enclosing pipe, the space between the shaft and the enclosing 
pipe being filled with oil or water for lubrication. Deep-well 
turbines are submerged in the well so that provisions for priming 
are not required. A cut-away view of a deep- well turbine instal- 
lation with a built-in direct-connected motor is shown in Fig. 
108. 


Fig. 107. — Types of impellers for deep-well turbine pumps. 

Pump Co.) 


{Courtesy of Peerless 
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The pump head may be built for belt con- 
nection or for direct connection to a vertical 
motor. For direct connection, the pump 
shaft and motor shaft may be connected by 
means of a flexible coupling, or the pump shaft 
may be extended to form the motor shaft, 
the motor being built into the pump head. 
The latter method is now generally used. 

A strainer is desirable on the bottom of the 
inlet pipe of the pump to prevent materials 
entering the runners which may interfere with 
their operations. Such a strainer should have 
small enough openings to prevent the entry of 
any materials which cannot pass through the 
runners. The strainer should have a total 
area of opening equal to four to five times 
the cross-sectional area of the inlet pipe. 

In order to have space for the pump, 
somewhat larger wells are generally used for 
deep-well turbine plants than for ordinary 
centrifugal pumps. The size of the deep-well 
turbine is designated by the diameter in 
inches of the well in which it may be used. 
A No. 12 deep-well turbine may be used in a 
12-in. well; the clearance of the outside of the 
pump is from to 1 in. Deep-well turbines 
for. domestic use are made for use in wells as 
small as 4: in. ; for irrigation, usual minimum 
sizes are 8 or 10 in. and usual maximum 
20 to 24 in. with occasional wells as large as 
30 in. Where the well is drilled to much 
depth below the setting of the pump in order 
to penetrate adequate water-bearing strata, 
the diameter of the lower portions of the weU 
may be less than that used above the pump. 
Where future ground-water lowering may 
occur, the larger dianaeter of the well should 
be used to as great a depth as it is anticipated 
the pump may need to be lowered. 

The capacity of deep-well turbine pumps 
varies with the size, speed, and form of runner. 



Fig. 108. — Sectioaal 
view of deep-well tur- 
bine pumping plant. 
{Courtesy of Sterling 
Pump Corp.) 
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Table XXXIV illustrates the usual range of capacity for different 
sizes of wells. 


Table XXXIV.— -Capacities op Debp-well Turbine Pumps 


Diameter of well, 
inches 

Capacity of deep- well turbine pumps, 
gallons per minute 

Usual minimum 

Usual maximum 

4 

20 

70 

6 

50 

200 

7 

100 

300 

8 

150 

500 

10 

250 

800 

12 

400 

1,200 

14 

500 

1,500 

16 

700 

1,800 

18 

1,000 

3,000 

20 

1,500 

3,500 

24 

2,000 

5,000 


Efficiencies of deep- well turbines are expressed in terms of the 
power required and the total static lift from the water level in the 
well when pumping to the point of delivery. The power may be 
based on the power delivered to the pump shaft or for motor- 
driven direct-connected plants it may be the power at the meter 
on the inlet side of the motor. In the latter case the efficiency 
includes the loss of power in the motor. It is not practicable to 
determine the efficiency of deep-well turbines separately from the 
inlet and outlet losses as may be done in the case of centrifugal 
pumps. 

The efficiency of deep-well turbine plants varies with the capac- 
ity and lifts. For power delivered to the pump shaft, efficiencies 
similar to those shown in Table XXXV should be obtained for 
all-season operation under usual conditions. With constant lift, 
well-selected plants may exceed these efficiencies. For the usual 
fluctuations in lift and care in maintenance, these efficiencies 
should be secured. Many plants operate at lower average 
efficiencies. 

The cost of deep-well turbine pumps varies with the size of the 
well and the lift. The purchase of the pump includes the pump, 
columns, and power head. The cost exceeds that of centrifugal 
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pumps of similar capacity. Owing to the number of variable 
factors involved, it is not practicable to prepare a simple tabula- 

Table XXXV. — Over-all Efficiencies That Should Be Obtained 
UNDER Continued Operation op Deep- well Turbine Pumping 

Plants 

Based on power delivered to pump shaft and static lift 


Capacity of Pump, 

Efficiency. 

Gallons per Minute 

Per Cent 

100 

35 

200 

45 

300 

50 

500 

55 

1,000 

55 

1,500 

60 

2,500 

60 


tion covering costs. Table XXXVI presents a few typical 
factory costs for California conditions in 1932. 

Table XXXVL— Approximate Costs of Typical Deep-well Turbine 
Pumps for 100-pt. Lifts 


Discharge, 
gallons per minute 

Direct-connected 
unit, including 
motor 

Belted head, 
without motor 

225 

1 900 ’ 

% 775 

450 

1,050 

875 

900 

1,400 

1,175 


For 50-ft. lifts the corresponding costs would be from 60 to 75 
per cent of the costs for 100-ft. lifts. For 150-ft. lifts the corre- 
sponding costs would be from 120 to 160 per cent of those for 
100-ft. lifts. 

A typical characteristic curve for a deep-well turbine pump for 
a single speed is shown in Fig. 109. The form of such curves can 
be varied by the design of the impeller. The efficiency shown in 
Fig. 109 is fairly well maintained over a considerable range of 
discharge. The discharge delivered by such a pump operating 
at a constant speed increases as the lift decreases. The brake 
horsepower for the pump shown in Fig. 109 increases somewhat 
v'ith the increase in discharge, as the changes in efficiency and lift 
are not sufBcient to counterbalance the change in discharge. The 
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impeller may be designed so that the discharge does not increase 
so rapidly with reductions in lift and thus an increase in the brake 
horsepower required at lower lifts may be avoided. Such 
impellers are known as having non-overloading runners. This is 
an advantage where motors are used, as overloading with possible 
heating is avoided. Runners may also be designed with a higher 



Fig. 109. Typical characteristic curves for deep-well turbine pump operating at 

a constant speed. 


efficiency over a narrower range of discharge, with more rapid 
decreases in efficiency under both larger and smaller lifts. For 
general irrigation use from wells where fluctuations in lift 
frequently occur, runners with the flatter efficiency curves 
will usually give higher average efficiencies for all-season 
operation. 

Deep-well turbine pumps now represent the most extensively 
used type for plants pumping from ground water. When first 
introduced, their use was generally limited to conditions of large 
discharge and higher lift for which other types were less adapted. 
Whh improvements in the efficiency and dependability of oper- 
ation, deep-well turbines have largely invaded the field of the 
deep-well plunger pump and have narrowed that of the ordinary 
centrifugals to lower lifts than were formerly used. While the 
first cost of installation is higher than for centrifugal pumps, the 
ability to avoid priming by submergence, the, ease of adjustment 
to lowering ground water by adding bowls and extending the 
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pump column, and the infrequent removal from the well required 
for repairs have caused this type of plant to be extensively used 
in recent years. Nearly all pump manufacturers attempting to 
serve the irrigation field now make deep- well turbine pumps either 
as a single line or together with other types. Deep-well turbines 
are now used for lifts of over 300 ft. Water may be pumped to 
elevations above the ground level at the well by using sufficient 
stages to furnish the necessary pressure, although most plants 
discharge the water pumped at or near the ground level at the 
pump. 


POWER PLUNGER PUMPS 


This term is used for piston or plunger pumps of the ordinary 
types used for pumping from sources of water supply near the 



Pia. 110. — Double-acting cylinder of plunger pump. 


surface, usually where the operating lift is large. Pumps of this 
type used for irrigation do not differ from those used under 
similar conditions for other purposes, such as municipal supply. 
The pump consists of one or more cyUnders; in each cyhnder a 
piston, moving backward and forward, draws the water into the 
cylinder and forces it into the discharge pipe. When there are only 
one suction and one discharge valve on each cylinder, the Pump is 
called “single acting, ” as the piston moving in one direction Ms 
the cylinder by suction and moving in the other direction dis- 
charges the water so drawn in. When the cylmders have two 
sets of inlet and outlet valves so that there is a filling and dis- 
charge of the water alternately on opposite sides of the piston at 
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each stroke, it is called “double acting.” Pumps with two cyl- 
inders are called “duplex,” and those with three cylinders 
“triplex,” pumps; in either type the cylinders may be single or 
double acting. Double-acting or multiple-cylinder pumps give a 
more steady discharge with less pulsation than single-acting 
single-cyhnder types. Power plunger pumps are self-priming by 
pumping out the contained air. A double-acting single-cylinder 
pump is shown in Fig. 110, 

The capacity of plunger pumps depends on the volume of the 
strokes and the speed of the pump. The full capacity of the 
pump may not be obtained owing to slippage past the piston. 
For pumps in good condition such slippage should not exceed 3 
or 4 per cent. For worn packing or loose pistons it may exceed 10 
per cent on high pressures. The capacity without slippage for 
typical sizes operated at usual speeds is given in Table XXX VII. 
Some pumps designed to operate at higher speeds have larger 
capacities than those given in Table XXXVII. 


Table XXXVIL— Capacities op Typical Power Plvncjbr Pumps 


Diameter of water 
cylinder, inches 

Length of stroke, 
inches 

Eevoliitions or 
strokes per miuiito 

Discharge, U. S. 
gallons per minute 

Double-acting singlo-cylinder pumps 

6 

8 

35 

69 

8 

8 

35 

122 

Single-acting triplex pimips 

4 

6 

40 

39 

6 

8 

35 

71 

6 

10 

35 

129 

7 

10 

35 

175 

8 

10 

35 

228 

Double-acting duplex pumps 

4 

6 

40 

52 

6 

8 

35 

138 

8 

10 

35 

304 

9 

10 

35 

385 


The efficiency of power plunger pumps varies with the size of 
the pump and the lift. The losses of power in friction are rela- 
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tively smaller for larger sizes and lifts. Tor smaller sizes having 
capacities of 50 gal. per minute, over-all efficiencies varying from 
35 per cent for 50-ft. lifts to 65 per cent for 200-ft. lifts should be 
obtained. For plants of 300 gal. per minute capacity, the 
efficiency varies from 50 to 75 per cent for lifts of 50 to 200 ft. 

Plunger pumps have a higher cost for moderate lifts for a given 
capacity than centrifugal pumps. For higher heads, for which 
multiple-stage centrifugal pumps would be required, plunger 
pumps may have lower costs than centrifugal pumps. 

Plunger pumps for irrigation are used for large lifts where water 
is secured from surface sources. Such sources may be streams or 
reservoirs into which water from wells is pumped. Plunger 
pumps have a relatively high efficiency and are dependable in 
operation. For the larger capacities of such booster service or for 
lifts sufficiently low to be handled with single-stage pumps, 
centrifugal pumps are more generally used. 

Deep -well Plunger Pumps. — The action of these pumps is 
similar to that of other power plunger pumps but, like the deep- 
well turbines, the deep-well plunger pumps are adapted to the oper- 
ating and space conditions of the well casings. Deep- well plunger 
pumps usually consist of the equivalent of two single-acting 
cylinders placed end to end, the discharge of the lower cylinder 
passing through the upper. The lower plunger is connected to a 
solid rod which fits into a hollow rod to which the.upper piston is 
connected. The plungers are operated by the driving power at 
the ground surface so that the two cylinders give a continuous 
discharge, one plunger moving up while the other moves down. 
The driving power is transmitted to the pump rods through vari- 
ous forms of gears or cams. All working strokes are on the 
upward movement of the plungers with the driving rods or shaft 
under tension, the downward or compression strokes being the 
idling stroke. The cylinder is set low enough to be self-priming. 

Above the cylinder is the vertical discharge or column pipe into 
which the cylinder delivers its discharge for conveyance to the 
point of discharge. The size of the cylinders varies from as small 
as 3 in. in diameter with a 20-in. stroke to 16-in. diameter and 
36-in. stroke. The speed varies from 15 to 35 strokes per 
minute. 

The valves are within and concentric with the plungers. To 
avoid frequent removal of the pump for renewal of the piston 
packing, pistons several inches thick with multiple packing are 
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used. Such pistons also enable the valves to be placed in them 
more effectively than for shorter pistons. 

Deep- well plunger pumps have been used on lifts of over 300 ft. 
The capacities are generally less than 400 gal. per minute but 
pumps having capacities as large as 1,000 gal. have been used. 
Deep- well plunger pumps of the sizes used for irrigation with the 
packings in good condition should have over-all efficiencies, based 
on the power delivered to the pump head, varying from 50 to 65 
per cent, the higher efficiencies being secured with the larger 
lifts and capacities. 

For high lifts and small discharges, deep-well plunger pumps 
have a somewhat higher efficiency than other pumps available 
for similar conditions. The first cost of such plunger pumps is 
higher than that for other pumps of the same capacity. 

Deep-well plunger pumps were formerly quite generally used 
for pumping from wells with high lifts for discharges of about 
260 gal. per minute or less. The development of smaller sizes 
of deep-well turbines has resulted in the general use of turbines 
for such pumping conditions, so that few new deep- well plunger 
pumps are being installed for irrigation, although many of such 
pumps are still in use. 


AIR-LIFT PUMPS 

Air-lift pumps operate by delivering sufficient compressed air 
into the water in a well far enough below the standing water level 
so that the lighter mixture of air and water in the well is forced 
upward above the point of discharge by the weight of the air-free 
water surrounding the well. If the air-discharge pipe is sub- 
merged to a depth equal to the lift and sufficient air discharged to 
result in a mixture of over one-half air and less than one-half 
water in the well, the column of mixed air and water will rise to 
the height of the lift to balance the weight of water surrounding 
the well. The air pressure and the amount of air required vary 
with the depth of submergence. The depth of submergence 
should be equal to the lift for efficient operation. 

An air-lift plant consists of (1) the water-discharge pipe which 
is smaller than the diameter of the well and is placed inside the 
well casing to the depth of submergence to be used; (2) a smaller 
air pipe to deliver the air into the water which may be placed 
either inside or outside the discharge pipe; (3) a foot piece which 
consists of a casting connected to the lower end of the air pipe and 
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is designed to discharge the air into the water evenly and in small 
bubbles ; (4) the tailpiece which is a slightly enlarged extension of 
the lower end of the discharge pipe below the foot piece. 

Ihe air compressor may be driven by any available form of 
power. The compressed air passes through an air receiver which 
is used to store the air and equalize the pressure. The efficiency 
of a properly installed compressed-air plant as calculated from the 
ratio of actual pumping accomplished to the horsepower devel- 
oped in the motive power of the compressor is generally from 20 
to 30 per cent. 

Air-lift pumps are adapted for use where the yield of single wells 
is less than the discharge desired and a battery of wells is required. 
A central compressor plant with air lines to each well may be as 
economical as separate power units and pumps on each well. Air 
lifts are also adapted for use in wells which have been deflected in 
drilling, so that shaft types of deep-well pumps cannot be used 
owing to the crookedness of the casings; the air lift may enable 
the well to be used, the value of the salvage on the well balancing 
the lower efficiency of the air lift. Air lifts are also used for 
cleaning out sand and developing new wells. For such temporary 
use, the higher costs of operation due to the low efficiency are 
more than balanced by the simplicity of installation. 

OTHER TYPES OF PUMPS 

Other types of pumps less extensively used in irrigation include 
rotary and screw pumps, scoop wheels, and hydraulic rams. 

Rotary pumps are displacement pumps having rotating 
elements. The pumping action may be secured by the use of 
cams, screws, gears, or vanes. Such pumps are not adapted for 
use in wells but are used in the smaller sizes for some pumping 
from open-water supplies. 

Screw pumps are of the propeller type. These vary from 
large-capacity low-head plants pumping from open-water surface 
supplies to propellers distributed at intervals of 4 to 6 ft. along a 
shaft for pumping from wells. Vertical screw-type pumps of the 
first type are now used for lifts up to 30 ft. Some propeller types 
of well pumps are used in small wells and occasionally in larger 
sizes. For wells up to 4 or 6 in. in diameter, a propeller pump can 
secure larger discharges than deep-well turbines, as there is less 
restriction in flow in the limited area of the well. For larger 
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sizes of well, deep- well turbines have very largely replaced the 
use of propeller pumps. 

Scoop or paddle wheels may be used for pumping in ditches for 
lifts up to 6 or 8 ft. When properly designed, such pumps may 
have higher efficiencies than are obtainable with other types of 
pumps on such low lifts. Such pumps may be used to lift water 
from ditches to higher lands on the farm where only a few feet 
of lift is required. 

Hydraulic rams are used for lifting water where water is avail- 
able under pressure to furnish the power required. Pumping 
action is obtained by checking of the momentum of the power 
water to create pressures under which a part of the flow may be 
delivered at higher levels. Rams are not applicable to pumping 
from wells. They are frequently used for domestic pumping but 
have very limited application in irrigation. 

FACTORS AFFECTING THE EFFICIENCY OF PUMPING PLANTS 

The efficiencies of, pumping plants vary widely with the type of 
plant and the care given to its operation. For usual field condi- 
tions, irrigation pumping plants properly selected, installed, and 
maintained should obtain the efficiencies that have been stated 
for the different types of pumps. Tests made on a large number 
of pumping plants under field conditions show that the average 
efficiency of any group of similar size and type of plants is much 
less than the efficiency that should be obtained. Poor selection 
of the pump for its conditions of use, incorrect speeding, poor 
maintenance, excessive loss in friction in pipes or valves, or other 
factors usually result in much more loss of efficiency than differ- 
ences in the design or workmanship of different makes of pumps. 

The pump manufacturer is responsible only for the performance 
of the equipment which he supplies. As previously described for 
centrifugal pumps, the guaranteed efficiency may be that of the 
pump alone; for deep- well turbines the over-all efficiency for the 
inlets and outlets as well as the pump is used. As the turbine 
manufacturer also furnishes the inlet and outlet column, the 
efficiency guarantee for such pumps covers the part of the instal- 
lation for which the manufacturer is responsible. Over-all effi- 
ciencies based on the static lift are about 5 per cent lower than the 
efficiency of the pump alone. 

Seasonal efficiencies are lower than those obtained under 
acceptance tests. In addition to any losses in efficiency due to 
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wear on the equipment, fluctuations in ground-water elevation 
affect the efficiency unless the speed of operation can be adjusted 
to the change in lift. Some ground-water fluctuation usually 
occurs and is frequently sufficient to be a factor in the efficiency. 

Friction losses in inlets and outlets may be reduced by using 
larger sisses and avoiding sharp bends. The diameter of the 
suction and outlet pipes should be times that of the pump 
inlet and outlet for centrifugal pumps. Where surface-water 
supplies are used, strainers should be used to avoid drawing 
trash into the pump and the inlet should be designed so that sand 
does not enter. The area of such strainers should be large enough 
to avoid loss of head through the strainer. The discharge of the 
pump should be at as low an elevation as the conditions of use will 
permit. 

While pumps may be purchased on the basis of the efficiency of 
the pump alone, in estimating the size of driving power and power 
consumption, the over-all efficiency should be used. Costs of 
pumping depend upon such over-all efficiencies. 

METHODS OF DRIVINO IRRIGATION PUMPS 

The driving power for irrigation pumps is usually either an 
electric motor or an internal-combustion engine. For larger 
plants or in isolated locations, steam may be used. . Where 
electric power is available, it is generally used for plants operated 
to a sufficient extent to obtain a low average cost of power. Some 
of the various types of gas engines are frequently used where 
electricity is not available, or for irregular operation.. These 
include engines adapted to use all of the various grades of fuel 
from crude oil to gasoline. Natural gas, when available, is also 
used for irrigation pumping. 

Motors used for irrigation pumping are selected from the 
standard forms of motors used for other purposes. The perform- 
ance and efficiency of motors are generally definite and uniform. 
Larger variations occur in the performance of engines, depending 
on their design and workmanship as well as the care used in their 
maintenance and operation. For infrequent operation, low first 
cost becomes relatively more important than fuel' economy and 
cheaper-grade equipment may show better total economy. 
For short-period operation, tractor engines, made-over automo- 
bile engines, or similar power units may be used. For more 
nearly continuous use, better-grade equipment should be used. 
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For such use, gasoline engines selected for the character of load 
are used up to 20-hp. sizes, and oil engines using cheaper types 
of fuel in sizes larger than 20 hp. Semi-Diesel and Diesel types 
of engine are available in sizes of about 40 hp. or larger. Such 
engines are economical where operated by those experienced in 
their use. 

The connection between the driving power and the pump may 
be direct or by means of belts, gears, or chains. Centrifugal 
types of pumps operate at speeds similar to those used for motors. 
For motor-driven centrifugal or deep-well turbine pumps, direct 
connection is generally used unless it is desired to vary the speed 
ratio owing to fluctuations in the lift. Direct connection is 
preferable where applicable, as the loss of power in transmission 
is avoided and the unit is more compact. For direct connection, 
centrifugal types of pumps are designed to operate at speeds used 
in standard motors. For such use it is essential that the pump be 
operated with a motor having a speed equal to that for which the 
pump is designed. The direct connection is usually made 
through a flexible shaft coupling. While two-speed motors 
may be used, direct-connected pumps are generally operated 
at a constant speed. 

Belts are generally used for indirect connection. By proper 
selection of the size of pulleys, any desired speed ratios may be 
secured. The driving shafts of the power units are usually 
horizontal. For pumps with horizontal shafts, direct belt con- 
nections with short belts may be used. For vertical-shaft pumps, 
belts with quarter turns are required; distances between shafts 
of 20 to 25 ft. are needed and, unless the belt is properly adjusted, 
idlers may be needed to hold the belt on the vertical pulley. 
Gears and chains are not generally used in irrigation pumping; 
the speed of centrifugal types of pumps is usually too high for 
best results with these methods. 

Power Requirements.^ — The power required to lift water is 
expressed in horsepower or kilowatts. One horsepower repre- 
sents the energy required to lift 33,000 lb. through a height of 
1 ft. in 1 min.; this in turn is equivalent to raising 3,960 gal. of 
water through a height of 1 ft. in 1 min. A kilowatt equals 
hp. or more exactly 1 hp. equals 746 watts. The net horse- 
power or the horsepower with 100 per cent efficiency required in 
any given case is equal to the discharge of the pump in gallons 
per^ minute, multiplied by the total lift in feet and divided by 3,960. 
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Most pumps are rated in terms of gallons per minute; for 
conversion to second-feet, 450 gal, per minute is used as equal 
to 1 sec.-ft. The horsepower delivered by an engine or motor 
is called the "'brake horsepower.” The brake horsepower is 
delivered to the pump with direct-connected units and less belt 
losses with belt connection. Losses of energy in belt connection 
vary from 5 to 15 per cent of the brake horsepower under usual 
irrigation conditions. The brake horsepower delivered to a pump 
must exceed the net or useful work accomplished by the pump by 
the amount of the energy losses in pumping. The ratio of 
input power to useful output represents the efficiency of the 
pumping operation. Engines and motors are rated commercially 
in terms of the brake horsepower. With electric power, the 
rate at which power is registered on the electric meter exceeds 
the brake horsepower owing to losses of energy in the motor, as 
the meter is on the inlet side of the motor. 

To lift 1 acre-foot of water through a height of 1 ft. would 
require 1.375 hp.-hr, or 1.026 kw.-hr. at 100 per cent efliciency. 
For 50 per cent efficiency, twice these amounts of power would be 
required for each acre-foot lifted 1 ft. The power required for 
any other efficiency can be obtained by dividing the power 
required with 100 per cent efficiency by the ratio of the actual 
efficiency to 100. 

POWER CONSUMPTION AND COST 

Power consumption for internal-combustion engines is 
expressed in terms of the amount of fuel used per brake horse- 
power hour. While engines in good condition will deliver a 
brake horsepower hour on a fuel consumption of gal., average 
use for the season is more usually about H gal. per brake horse- 
power hour. The type of fuel used varies with the character of 
engine. The semi-Diesel or Diesel engines use cruder forms of 
oil of lower cost. While gasoline is sometimes used for irrigation 
pumping, the less fully refined products are more usual. The 
cost of the fuels used with engines varies widely with the type of 
fuel and location of the pumping plants in relation to fuel supplies. 

Electrical energy is measured in kilowatt-hours. The electricity 
used is metered between the transformers and the motor and the 
power measured and charged for includes the loss of power in the 
motor as well as the brake horsepower delivered to the pump. 
The efficiency of the motors used in irrigation pumping varies 
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from about 85 per cent for the smaller sizes to 90 per cent for the 
larger capacities. One kilowatt of electrical energy delivered to 
the motor will produce 1.13 and 1.20 brake horsepower with 85 
and 90 per cent motor efficiencies, respectively, or 1 brake 
horsepower requires 0.87 and 0.83 kw. at the meter for the same 
motor efficiencies. 

Cost of Electric Power. — Different forms and amounts of rates 
for electric power for pumping are charged by companies serving 
different areas. A power company must always have a sufficient 
amount of power available to meet the maximum load that may 
come on its system at any time. It is more expensive to serve a 
load that may have a high peak demand and a short period of 
use than a load which uses more kilowatt-hours but has a smaller 
peak. Nearly all power rates for irrigation pumping now con- 
sist of two parts: one, a demand charge based on the maximum 
rate of use of power, and the other a service charge, based on the 
kilowatt-hours used per kilowatt or horsepower of demand. The 
price per kilowatt-hour is frequently on a sliding scale, becoming 
less for larger amounts of use per unit of connected load. 


Tablk XXXVIII. — Typical Rate Sci-iedule por Agricultural Power 
FOR California Conditions 


Load, 

hors(jpowor 

I3(unand 
charge 
per year per 
horsepower 

Service charge, cents per kilowatt-hour for 
power used p(T liorsepowcr of load 

First 

1,000 

kw.-hr., 

cents 

Second 

1,000 

kw.-hr., 

cents 

Third 

1,000 

kw.-hr., 

cents 

All over 

3 000 
kw.-hr., 

' cents 

1 to 4 

16.50 

1.5 

0.8 

0.7 

0.6 

6 to 14 

5.50 

1.3 

0.8 

0.7 

0.6 

1.5 to 49 

5.00 

1.25 

. 0.8 

0.7 

0.6 

50 to 09 

4.50 

1.2 

0.8 

0.7 

0.6 

Ovor 100 

4.00 

1.15 

0.8 

0.7 

0.6 


A typical California rate for electric power for agricultural use 
is shown in Table XXXVIII. The year begins Apr. 1. Con- 
tracts covering payment of the demand charge for 3 years have 
been required by some companies as a condition for supplying 
service. 

Other rates, as used in some of the other states, include sched- 
ules based on the kilowatt-hours used per horsepower of load per 
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iiioiitli wii}i 4hlmz vnvyhm from ahout 5 ci-s. for the first 

to 2 tis. tor file oxros.s use wit h a uuaiaium cluirj»;e per horse- 
power jM*r year. 

As iiaiieaterl by I lie preianlin^i: ilhtsf rattous of the forms of rates, 
file rost {>er kih»waH-hour f<a’ eleetj’ic power depends 

laTO^Iy eat the pnt|)oiiitui of the titne the plant Is operated. For 
the rait* .sliown in Table X X X VI 1 1, ( h<* av(‘ra»:<‘ price per kilowatt- 
hour iiieliidiii^ lliiMlmuand eliarfavH varies from 2 cbs. per kilowatt- 
iioiir iV»r o|H*nilioit for II) per cent <»f the time per year to 1 ct. per 
kilmvai tdimir iVn* operation for oiH‘-!ialf of the time per year. 
Hales ill oilier jirejis wary widely, d(*|.Hmdiii| 2 : on the conditions of 
MU'V'ii’e and lisia In the mountain states iln^ pumping season is 
Mitoai and tin* emisiimpiion fier hors(‘po\ver of connected load is 
relaiivety siiiall. In sueli areas the jiricc^ |)er kilo wad t-hour may 
IukIi tail I lie lota! cost |H*r acre may not be large. Some power 
coiiifKintes tia\a,‘ relfiiively low rates on the use of surplus power 
wliicli may availalile for irrigation pumping during the summer 
seasmn 


FIIED CHARGES 

kd^ed rharnes represent the costs wtiich are cluirged against a 
priiii|iing jiliifi! in addition to I hr* dinad power and operation 
exiKUises. TlieM* iitcludi’ int<*rt‘si.. im (he first, cost, taxes, depreci- 

jiliom and refmirs. 

'Wlnm money is spent on tin* instnila-tion of a pumping plant, 
(lie cost of tin* use of the plant includes int.ercsst ami provision for 
(tie rf‘|ilm*eiiieiii of tlie when li laKtomes worn out. Interest 
rates vary with the cliiiriicler of tlie stunirity; forusua] conditions 
l» I'Hr eent is representative of the rat(^ aJ, which capital may be 
obtiiiiiial for plants. The pr*riod of us<‘ful life of the different 
parts of the' filatit varies, VVidls Hhould last 10 to 20 years; 
imiiiy wells last much hmger Iwdore corrosion of (.he well casing 
reipiirr's t heir refilacement . ShorU‘r livens may l>e obtained where 
caving or oilier mechanical injury occurs. Pumps may be used 
for fauriods of 12 t^o 20 years under usual conditions. Motors 
alioiild liave trMnl lives of la to 20 years, engines from 10 to 15 
years for the conditions of usi* (mcounlenal in immping for irriga- 
tifim Ftir geiienil conditions, the resnltiug average depreciation 
to provide for re|ilucement whim r(‘((uired is about 4 per cent per 
year on a sinking-fimd laisis with interest^ at 6 per cent. 



238 


USE OF IRRIGATION WATER 


Repairs will be required on engines, motors, and pumps. 
These vary from minor items, as needed, to general overhauling at 
occasional periods. The annual costs of repairs and maintenance 
on pumping equipment average from 1 to 3 per cent of the first 
cost. Wells may need cleaning if sand enters when pumping. 
Such costs are widely variable. 

Taxes vary with the tax rate and basis of valuation. Taxes 
may represent from to 1 }/% P^r cent of the first cost of the plant. 
In some areas, assessed values are based on the value of the pump- 
ing plant separately from the assessed value of the land on which 
the water pumped is used. For such conditions, the taxes become 
a direct charge against the pumping. 

For general conditions, average fixed charges may be taken as 
follows : 


Per Cent 


Interest 6 

Depreciation 4 

Repairs 2 

Taxes 1 

Total 13 


Fixed charges may be somewhat higher on engine plants than 
oh motor-driven pumps owing to the shorter usual life of the 
engine and the larger amount of repairs generally required. 

Attendance. — The cost of attendance for a small pumping 
plant is diflficult to segregate from other costs of irrigation. For 
plants serving a single farm, the irrigator usually attends to both 
the pump and the distribution of water in the field, As any time 
spent with the pump reduces the time that can be spent with the 
water in the field, it is proper to charge the pump with the time so 
used, although no additional expenditure may be actually 
incurred. Both electric and engine plants have been improved 
so as to operate with less attendance than was formerly required 
and the attendance cost should not be large. Starting and other 
attention requires more time with engines than with motors. A 
charge of $0.50 to $1.00 per day for attendance would represent 
usual costs for 24 hr. per day operation with small plants. For 
daytime operation only, the costs would be about two-thirds of 
the 24-hr. costs. 
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COSTS OF PUMPING PLANTS 

Costs of the more generally us(h 1 pumps have been discussed 
with the description of the typtss of pum|)s. While such costs 
vary with the grade the eciuipnumt, distance from point of 
manufacture, and general price huads, ih{‘ costs started indicate 
the general ladationships of costs for the different types and of 
(litTerent si/iCs of tlie same type. No pumping plant should be 
constructed witlumt sc'curing local (juotations at t-he time of con- 
struction, determining tlie cost of deliv<vry of pumped water, and 
balancing smtli costs against the value of t,he use of the water to 
be obttiined before^ the cost for the plant is a-ctually incurred. 

Approximate costs of (ypic.al power eciuifunent used in irriga- 
tion pumping is illustrated in Table XXXIX. 


'rAIiLE XXXIX.- CiSNSUAL < 'OSTB FOR MoVOItS AND EnCUNKB FOE 

ImtltiATION PCMIUNti 


« , 1 

1 lorscpower of ( 'ost of (‘loclnrl 

( 'osi of 

rv., „f 

Cost of 

motor or ^ 

motors, 1,200 

gasoline 

i cnl engines 

seini-DicHcl 

engine j 

r.p.m. 

engines 


engines 

^ 

2 

$ 70 

1 70 ^ 



3 

i 85 

115 1 



5 

110 

135 



7>-i 

200 

210 



10 

220 

400 

$ 750 


15 1 

255 

500 

050 


20 

300 

800 

1 ,200 


25 

325 

, , . . 

1,500 


30 

375 


2,()0t) 


40 

475 



*2,600 

50 

525 

i 

.... 


3,100 


Higher-Speed motors have lower costs. Few semi- Diesel types 
(jf engines have Ixam ustul in irrigation in sis^es smaller than 40 hp. 
For smaller i)lard.8, power may be obt.ained from tractors or other 
t.einporary sources. In the smalkT sizes the cost» of motors and 
engines is similar; in larger units motora have much lower costs. 

In addition to the motor or engine, pump, and well, pumping 
plants inelmk^ the valves, priming pumps wlien needed, suction 
pipe, and iniscellaneous fittings. For any plarit such items should 
be scdected and t.heir cost included in t\m cost, estimate. For 
purposes of general cost comparisons, such smaller items usually 
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represent 5 to 15 per cent of the coat of the pump and driving 
power. The cost of transportation to the pump site may vary 
from |20 to $60 for usual conditions. The coat of installation 
varies usually from $25 to $100. 

Pumping plants are usually enclosed in some form of hou.sing. 
For belt-driven plants, housing covering t.hc entire instiallalion i.s 
generally used. The earlier deep-well instalhUions usually 
retained the derrick over the well for use in pulling the pump for 
repairs. Such removal is now lc.sa 
frequently needed and (kuTieka are 
generally remo\'ed after the comi)l(4ion 
of the construction of plant. I'or 
direct>connected pumps, compact hous- 
ing can be used. Tlu'sc^ may be of 
galvanized iron or may be made of any 
form of comstruction to harmonize with 
adjacent buildings. Tire housing should 
be well ventilated to avoid luaiting 
during operation. A compact type of 
housing over a deep-\v('ll turbine pump 
delivering into concrete-piiK! stamlpiix's 
is shown in Fig. 111. Usual costs of 





Fig. 111. — Housing for 
direct-connected deep-well- 
turbine pump. Pump dis- . „ 

charges into concrete-pipe llOUSin^’ Viiry from S2f) to 

standpipes. Total Costs of Pumping Plants. Tlu^ 

following example illustrates the iiiotluxl of (^stiinating tlui 
cost of installation of an irrigation pumping plant. A deep- 
well turbine pumping plant of GOO gal i)er minute capacity 
is to be installed in a 14-in. well Ground water Hiamls 
40 ft. below the ground, and the drawdown wluvn pumping 
will be 18 ft. Water is to be dedivered a,t the ground surfaci^ 
The well has a total depth of 200 fl,. with the pump set 
at 60 ft. below the ground to allow for possible future 
ground- water lowering. Electric power is to be used undc^r tlic^ 
rate schedule in Table XXX VIII. The plant is to be opc^riited 21 
hr. a day for 20 days a month for 6 rnontlis. 

An efficiency of 55 per cent bascxl on st.atic lift and the p(m’’er 
delivered to the pump for all-season operation should be obtained. 
The brake horsepower required would be 


600 (40 + 18) 

3,960 ^ 0.55 


16.0 hp. 
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As motors may be operated at 10 per cent overload, a 15-hp. 
motor would Ix' used. 

The first cost of the plant would be as follows: 

Well: 

DrilliiiK 200 ft.— 14-iu. well at ,|1.50 per foot (Table 

$ 300 

2(K1 11,. ol 12-gaKe .stovepipe ea.siiig at $2.50 per foot 


(TnhloXX.X) 500 

Pump, motor, and column (Tabic XXXVI) 850 

Miscf'llaiHHms nc(u\sHoricis 50 

Fnught. ami haulinji; 75 

Instalhitioii 50 

Housing 40 


Total first cost $1,865 


This phint operates 24 X 20 X 0 = 2,880 hr. per season and 
discharges 

2,880 _ ()()0 

42 ^ 4 b() acre-feet 

The brake horsepower hours used equals 2,880 X 16.0 = 46,160. 
For a motor efficiency of 85 per cent, the power measured at the 
meter on the inlet side of the motor will be 46,160 -r- 0.85 = 
54,300 hp.-hr. or ‘10,50() kw.-hr. The power used equals 2,700 
kw.-hr. for each of tlie 15 hp. of rated load. 

The cost of operation would be as follows: 


Pow(‘r (1^abU‘ XXXVIII): 

Dfunaud charges at $5 per horsepower $ 75.00 

S(^rvi(,*e cliarge: 

15,000 kw.-lir. at 1.25 cts, per Idlowatt-hour . . , 187.50 
15,000 kw.-lir. at 0.80 (it. per kilowatt-hour. . . . 120.00 
10,500 kw.-hr. at 0.7 ct. per kilowatt-hour 73.50 


Total pow(ir (^osts $456.00 

Fixtul <iharg(‘H: 

13 p(ir (umt of $1 ,865 242.50 

Attcuidiuic(i : 

120 (lays at. $0. 50 ixit day 60.00 


Total (iosts of <)p(iratkm per ytuir $758.50 


For the 320 acre-feet pumped per season the total costs of 
operation represont. an average cost of $2.37 per acre-foot. In 
pumping for irrigation, a unit frequently used is the cost per foot 



242 


USE OF IRRIGATION WATER 


acre-foot which is the cost of pumping 1 acre-foot through a lift of 
1 ft. For the plant used in the illustration the cost per foot acre- 
foot would be 4.1 cts. for the total of 18,660 feet acre-feet. 

The demand charge may be based on the rating of the motor or 
on the actual load. For irrigation pumping, the motor rating 
is generally used. Where the actual load differs sufiSciently from 
the motor rating, maximum-demand meters may be installed 
and the charges based on the maximum rate of power used for any 
15- to 30-min. period. Such demand meters are of advantage to 
the consumer where motors are underloaded. The rules of most 
power companies permit the consumer to use a demand meter, 
a small charge for the use of meter being added to the power rate. 
In the preceding example the demand charge was based on the 
rated capacity of the motor. The kilowatt-hours used depended 
on the actual brake horsepower required. 

The illustration brings out the importance of the items of cost 
other than the cost for the power used. Many using such plants 
neglect the fixed charges in their accounts for operating charges. 
Fixed charges and attendance are just as much a part of the actual 
costs of pumping as the cash outlay for power. In the example, 
such charges represent about 40 per cent of the total cost of 
operation. For plants operated for shorter periods of time, the 
fixed charges are a relatively larger proportion of the total costs. 

Similar examples can be worked out covering costs for different 
capacities, lifts, and periods of operation. This has been done in 
Tables XL, XLI, XLII, and XLIII. The costs for installation 
and for power are representative of those applicable in central 
California. In other areas of less extensive pumping develop- 
ment, the costs of wells and equipment may be somewhat higher. 
Power rates may be higher or lower in other areas, depending 
upon local conditions; rates in other states are more usually higher 
per kilowatt-hour than those shown in Table XXXVIII, which 
were used in these comparisons. 

The plants used were all deep-well turbine pumps except for the 
20-ft. lifts, for which centrifugal pumps in pits were used. The 
costs include the drilling and casing of wells assumed to extend 
100 ft. below the depth of ground water when pumping. The 
diameters of the wells were adjusted to the discharge. The costs 
also include hauling, accessories, installing, and housing. 

In Table XL is shown the total cost of installation for three 
sizes of pumping plants for lifts up to 200 ft. These plants cover 
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the usual range of irrigation from wells. Few irrigation plants 
have capacities of less than 225 gal. per minute, more plants 
exceed 900 gal. per minute, but such discharge requires favorable 
ground-water conditions if excessive drawdown is to be. avoided. 
Lifts of over 200 ft. require unusually profitable conditions of use 
to justify the costs of pumping. 


Iable XL. Total Costs of Installation for Typical Pumping Plants 
AND Wells for Central California Conditions 


Total pumping lift 
including draw- 
down in well, feet 

Discharge of pump, gallons per minute 

225 

450 

900 

20 

o 

OO 

$1,050 

$1,400 

50 

1,200 

1,550 

1,850 

75 

1,550 

1,950 

2,400 

100 

1,900 

2,350 

2,800 

150 

2,500 

3,100 

3,600 

200 

3,150 

3,700 

4,500 


Table XL shows that the cost of installing plants pumping from 
wells does not increase in proportion to the lift or the capacity. 
The capacity may be increased 300 per cent with an increase in 
cost of the plant of less than 100 per cent. The lift may be 
increased 300 per cent from 50 to 200 ft. with increases in cost of 
about 150 per cent. 

COST OF OPERATION OF PUMPING PLANTS FOR CENTRAL 
CALIFORNIA CONDITIONS 

The costs of operation, including power, fixed charges, and 
attendance for a 450 gal. per minute plant used to pump from 100 
to 600 acre-feet per year are shown in Table XLI for lifts from 20 
to 200 ft. The results in Table XLI are expressed in terms of 
costs of lifting an acre-foot of water 1 ft. in height. The first 
cost of the plant is similar to that shown in Table XL; the cost of 
power is based on rates similar to those in Table XXXVIII. 

Like other equipment, the most economical operation is secured 
when pumping plants are operated a large proportion of the time. 
This results in a large output over which to distribute the fixed 
charges. Continuous operation throughout the year with a dis- 
charge of 450 gal. per minute will produce 724 acre-feet so that 
each 100 acre-feet pumped represents operation for about 14 per 
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cent of the available time. For the plant shown in Table XLI 
the average cost per foot acre-foot pumped when pumping 400 
acre-feet per year is less than one-half the similar cost when 
pumping only 100 acre-feet per year. 

Table XLI. — Cost per Acre-poot Lifted 1 Ft. for Pumping Plant 
OF 450 Gal. per Minute Capacity Using Deep-well Turbines 
FOR Different Lifts and Amount of Pumping 
Lifts include drawdown. Costs include power, fixed charges, and 
attendance and are applicable to central California conditions 


Total acre- 
feet pumped 
per season 

Cost, cents per acre-foot lifted 1 ft. for total pumping lifts of 

20 ft. 

50 ft. 

75 ft. 

100 ft. 

200 ft. 

100 

13.0 

9.6 

8.5 

7.6 

6.25 

200 

9.0 

6.6 

5.7 

5.3 

4.5 

300 

7.5 

5.2 

4.7 

4.35 

3.75 

400 

6.25 

4.4 

3.9 

3.7 

3.1 

500 

5.25 

3.9 

3.5 

3.25 

2.8 

600 

4.5 

3.6 

3.2 

3.0 

2.45 


Table XLII shows total costs of pumping per acre-foot for 
similar conditions to those shown in Table XLI for costs per foot 
acre-foot. Table XLII shows that the cost per acre-foot for a 
plant pumping 500 acre-feet per year on a 100-ft. lift will be no 
larger than that for a plant having a lift of 50 ft., pumping only 
100 acre-feet per year. Where sufficient area to be irrigated is 
available and where diversified crops can be grown, so as to result 
in a long seasonal demand for water, the cost per acre-foot pumped 
on a 200-ft. lift would not exceed that on a 50-ft. lift with a small 
amount of pumping. The cost per acre depends on the amount of 
water used, as well as the cost per acre-foot. While the cost per 
acre-foot for short periods of use may be high, the cost per acre 
may not be excessive if small amounts of supplemental irrigation 
only are required. 

Table XLIII illustrates the cost of pumping for plants of differ- 
ent capacities and lifts with varying amounts of operation. The 
results in Table XLIII represent the conditions that would con- 
front an owner, having a given demand for water and lift, who 
was selecting the size of plant to use. If a pumping supply of 
200 acre-feet per year was needed with a lift of 50 ft., minimum 
costs would be secured with a 225 gal. per minute plant which 
would have to be operated 50 per cent of the total time during the 
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Table XLIL — Cost per Acre-poot under General Central California 
Conditions for Water Pumped from Wells for Different Lifts 
AND Amount of Pumping for a Plant Having a Capacity op 
450 Gal. per Minute 

Lifts include drawdown. Costs include power, fixed charges, and 

attendance 


Total acre- 
feet pumped 
per season 

Costs per 

acre-foot for height of pumping in feet of 

20 

50 

75 

100 

200 

100 

$2.60 

$4.80 

$6.35 

$7.60 

$12,60 

200 

1.80 

3.30 

4.30 

5.30 

9.00 

300 

1.55 

2.60 

3.50 1 

4.35 

7.50 

400 

1.25 

2.20 

2.90 1 

3.70 

6.20 

500 

1.05 

1,95 

2.60 

3.25 

5.60 

600 

0.90 

1.80 

2.40 

3.00 

4.90 


year. Costs would be increased about 30 cts. per acre-foot or 10 
per cent in total by using a 450 gal. per minute plant operated 
about one-fourth of the total time, the smaller amount of power 
used due to better efficiency and somewhat lower unit price for 
power and shorter period of attendance nearly balancing the 
larger fixed charges of the larger plant. A 900 gal. per minute 
plant would increase the cost per acre-foot about an additional 10 
per cent. Where the ground water will furnish the increased 
discharge without increased lift, as assumed in Table XLIII, the 
advantages in irrigation with the larger discharge and the shorter 
time required to secure the desired supply would balance such 
increases in cost and the larger plant would be preferable. With 
a larger plant installed, lower costs per acre-foot could be secured 
by larger amounts of operation, as indicated in Table XLII. 

LIMITS OF ECONOMICAL PUMPING 

The limits of economical pumping vary with the returns 
obtained from the crops grown. As such returns vary, the feasi- 
ble pumping lift also varies. Usual practice generally adjusts 
itself to average returns. Less efficient plants may cease oper- 
ation during periods of low returns. 

In general, the cost of water pumped from wells is higher than 
the cost of water delivered from gravity canal systems. Pumping 
from wells has been used mainly where canal supplies were not 
available or to supplement deficiencies in the canal supply at cer- 
tain periods. 
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Table XLIII. Cost per Acre-foot for Water Pumped from Wells 

FOE Different Lifts and Amounts op Operation 
Lifts include drawdown. Costs include power, fixed charges, and 
attendance. Results are applicable to general central California 
conditions 


Total 

acre- 

feet 

pumped 

per 

season 

Plant of 225 gal, per 
minute capacity 

Plant of 450 gal. per 
minute capacity 

Plant of 900 gal. per 
minute capacity 

Lift 
: of 20 
ft. 

Lift 
of 50 
ft. 

Lift 
of 100 
ft. 

Lift 
of 20 
ft. 

Lift 
of 50 
ft. 

Lift 
of 100 
ft. 

Lift 
of 20 
ft. 

Lift 
of 50 
ft. 

Lift 
of 100 
ft. 

100 

200 

400 

600 

800 

1,000 

$2.50* 

1.70 

$4.60 

3.00' 

S7.30 

4.80 

$2.60 

1.80 

1.25 

0.90 

$4.80 

3.30 

2.20 

1.80 

$7.60 

5.30 

3.70 

3.00 

$3.20 

2.00 

1.50 

1.25 

1.00 

0.75 

$5.30 

3.60 

2.60 
2.00 
1.75 
1.60 

$8.70 

6.00 

4.30 

3.50 

2.90 

2.60 




















For crops of high returns, such as citrus, water has been 
pumped through total lifts of 500 ft. in some cases. Such lifts 
include the boosting to side-hill areas in addition to the lift from 
wells. There are some California plants in which the lift in the 
well exceeds 300 ft. Such pumping lifts represent an extreme and 
are practicable only where large returns are secured from the use 
of small amounts of water. 

For alfalfa, which requires larger amounts of water and has 
smaller returns per acre, with small plants on individual farms, 
care in the use of water and conditions that result in yields and 
returns above the average are required if pumping with lifts of 
from 50 to 75 ft. is to be profitable. For annual crops, such as 
potatoes or sugar beets, the economical limit of pumping lift may 
be somewhat higher because of the smaller amount of water 
required. Eelatively favorable conditions of cost, amount of 
water used, or return from the crops are necessary to make lifts 
of 100 ft. profitable. Such conditions are usually found only in 
the case of orchard crops. 

An irrigation supb’tf obtained by pumping from wells has some 
advantages over supplies secured from canals, which may justify 
somewhat higher cost for pumping. Among these are the ability 
to irrigate at the time desired rather than having to wait for 
delivery under a canal schedule, less shortage in late-summei 
supply, andTreedom from weed seed in the water. 
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The conditions affecting irrigation pumping in diflferent locali- 
ties and in different parts of the same locality are variable and no 
development of ground water for a farm should he undertaken 
without a thorough consideration of the local factors. Such 
consideration should include the permanence and extent of the 
ground-water supply as well as the well and its equipment. 
Prospective profits at the time of installation of the pumping 
plant may not be realized if the costs are increased over those 
anticipated owing to the lowering of the ground water with the 
resulting increased lifts. 

The illustrations of pumping costs that have been given are 
based on well-selected and maintained plants Jot conditions 
applicable in central California. The results represent costs that 
should be obtainable in this area. The costs shown, however, 
are lower than the average costs in central California, as average 
practice includes many plants not well selected in relation to their 
conditions of operation, having efficiencies lower than those used 
in preparing the tables shown. Costs in other states are fre- 
quently higher than those shown in these tables, owing both to 
the same factors and also to the generally higher cost of power in 
areas where pumping is less extensively practiced. 
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of pipes, 189 
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into dry soils, 22 
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Centrifugal pumps, adaptability of, 
221 

capacities of, 218 
characteristic curves for, 218 
costs of, 220 
efficiency of, 219 
operation under suction, 217 
priming, 216 
Cereals, 84 

stages of growth of, 85 
water requirements for, 86, 89 
Chambliss, C. E., 100 
Check gates, 195 
for wild flooding, 135 
Check methods of irrigation, basins, 
146 

border checks, 136 
contour checks, 142 
rectangular checks, 142 
Citrus orchards, 97 
Clay pipe, for furrow irrigation, 163 
vitrified, 187 
Clearing land, 120 
Climate, arid, semi-arid and humid, 
5 

effect of, on water requirement, 70 
Code, W. E., 247 
Colloids, 12 
Concrete flumes, 157 
Concrete pipe, 157, 185 
capacity of, 188, 189 
control stands for, 159 
costs of parts of, 162 
details of, 159 
costs of, 187 

for orchard irrigation, 158 
Consumptive use, 114 
Contour checks, 142 
costs of, 146 
farm layout for, 144 
for orchards, 148 
sizes of, 145 
Contour furrows, 164 
Conveyance channels, 172 
design and construction of, 172 
flow in, basis of, 173 
losses, 62, 106 
Corn, irrigation of, 87 
water requirements of, 88 


Corrugation method, 153 
waste from, 38 

Cost of water, effect on water 
requirement, 71 
Cotton, irrigation of, 99 
Cover crops in orchards, 95 
Crops, irrigation of, 64 
alfalfa, 74 
cereals, 84 
corn, 87 
cotton, 99 
forage crops, 74 
orchards, 93 
rice, 89 
root crops, 90 
truck crops, 98 

relation of water used to yield of, 
72 

Cubic feet per second, definition of, 
67 

Cultivation, effect on evaporation, 
48 

on water requirements, 70 
Culverts, 202 
capacities of, 203 
Cu-sec, definition of, 67 
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Davis, R. O. E., 34 
Dean, H. K, 63, 100, 168 
Debler, E. B., 119 
Deciduous orchards, 94 
Deep percolation {see Percolation) 
Deep-well plunger pumps, 229 
Deep-well turbines, 221 
adaptability of, 226 
capacities of, 224 
characteristic curves for, 225 
cost of pumping with, 244 
costs of, 224 
efficiencies of, 224 
impellers for, 222 
pump head for, 223 
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moisture, 31 

Diesel engines (see Engines) 

Disposal of irrigation water, 36 
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Ditchers, 175 

Ditches (see Earth ditches) 

Division of Irrigation Investiga- 
tions and Practice, California 
Agr. Exp. Sta., 147, 150, 161, 
165 

Division boxes, 194 
Drawdown of water in wells, 208 
Drilling wells, 210 
costs, 212 
Drops, 199 

Duty of water, consumptive use, 
‘ll4 

definition of, 64 
factors affecting, 70 
gross, 65 

at heads of laterals, 65 
methods of expressing, 68 
net, 65 

relation between net and gross, 
104 

seasonal, 107 

E 

Earth ditches, 173 
capacity of, 178 
construction of, 174 
farm ditches, 173 
for furrow irrigation, 155 
sizes of, 177 
steel ditcher for, 176 
V crowder for, 175 
Economical use of water, 66 
Electric motors (see Motors) 

Engines for pumping plants, 233 
cost of, 235 
fuel used, 239 
Evaporation from soils, 48 
experimental methods, 49 
with moisture in excess of field 
capacity, 53 

with moisture below field capac- 
ity, 55 

in per cent of water delivered, 
62 

with shallow water table, 50 
Eversman Mfg. Co,, 128 


Extent of irrigation, 1 

in the United States, 2 
in world, 3 

F 

Farm distribution systems, 170 
capacity of, 172 
design and construction of, 172 
planning and location of, 171 
Farm ditches (see Earth ditches) 
Feeding depth of plant roots, 31 
Field capillary capacity of soils, 16, 
19 

Fixed charges on pumping plants, 
237 

Floats for land smoothing, 128 
Flooding, from field laterals (see 
’ Wild flooding) 
of highways, 37 

Flow of water in ditches (see Earth 
ditches) 

Flumes, capacities of, 183, 184 
for furrow irrigation, 156 
wooden 180 
Forage crops, 74 

Fortier, Samuel, 53-55, 63, 119, 135, 
137, 140, 169 

Free flooding (see Wild flooding) 
Frequency of irrigation, for alfalfa, 
80 

for cereals, 87 
for cotton, 99 
for orchards, 96, 97 
for potatoes, 91 
for sugar beets, 93 
Fresno scraper, 125, 174 
Furrow irrigation, 151 
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seasonal variation of, 28 
terms, 14 

wilting percentage, 17 
Soils, classification of, 11 
colloids in, 12 

effect on water requirements of, 
70 

mechanical composition of, 12 
moisture of, 16 
physical properties of, 11 
pore space in, 13 
variations in texture of, 14 
weight of, 13 

Specific gravity of soils, 13 



INDEX 


255 


Specific retention of soils, 16 
Sprinkling irrigation, 166 
Stanley, F. W., 169 
Steam power for pumping, 233 
Steel dams, 135 
Steel ditcher, 176 
Steel pipe, 188 
capacities of, 189 
costs of, 188 

for furrow irrigation, 163 
Sterling Pump Co., 223 
Steward, W. G., 42 
Stewart, G., 78, 100 
Stock guards, 205 
Strip checks (see Border method) 
Structures for farm ditches, 192 
for check gates, 195 
for division boxes, 194 
for drops, 199 
for head gates, 193 
for levee gates, 200 
for road crossings, 202 
for stock guards, 205 
Stump removal, 122 
Sub-irrigation, 167 
Sugar beets, 92 
furrow method for, 153 
water requirements for, 93 
Surface-pipe method, 149 
sizes of pipe for, 150 
Surface waste, 36, 62 

T 

Tail-board scraper, 125 
Tanks, evaporation experiments 
with, 49, 53 

transpiration experiments with, 
60 

Taylor, C. A., 31, 35 
Temperature, minimum, fot crop 
growth, 107 

Thompson, C. A., 77, 99 
Timber, clearing of, 122 
Transpiration, experiments on, 60 
in per cent of water delivered, 62 
ratio, 58 
Truck crops, 98 

Turbine pumps (see Deep-well 
turbines) 


U 

Umatilla, percolation experiments 
at, 45 

Units of water measurement, 66 
relationship of, 69 
United States Bureau of Agricultural 
Engineering, 126, 127, 210 
United States Bureau of E-eclama- 
tion, 101, 105 

Sunnyside Project, gross use on, 
103 

V 

V crowder, 175 

Vaile, R. S., 100 

Veihmeyer, F. J., 27, 35, 56, 63 

Velocities, safe, for farm ditches, 177 

Vineyards, 98 

Vitrified clay pipe, 163, 187 
W 

Wadsworth, H. A., 34, 166, 169 
Walnuts, 98 
Waste, 36, 62 
by deep percolation, 44 
regulation, 106 
W^ter, disposal of, 36 
requirements of crops, 64 
definitions of, 64 
determination of, 116 
experimental methods, 72 
factors affecting, 70 
general, 101 

methods of expressing, 68 
relation to crop yields, 72 
Weight of sods, 13 
Welch, J. S., 77, 82, 85, 91, 100 
Wells, 209 
casings for, 210 
costs of, 211 
drilling, 210 
flow of water to, 207 
ground water strata in, 208 
perforation of, 210 
yield of, 209 
Wheat, 84 



256 


USE OP IRRIGAtrON WATER 


Widtsoe, J. A., 63 Wood pipe, costs of, 188 

Wild-flooding method, 131 for furrow irrigation, 163 

waste from, 38 ; o. - Wright, C. G., 26, 30, 35 

Wilting, coefficient, 17, 19 

of crops, 17 ?r ' ; Y 

Wing, L. S,, 247 

Wood'flumes (see Flumes) ' • Yield, of crops in relation to water 

Wood pipe, 188 used, 72 

capacities of, 189, • of wells, 209 




